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Abstract

The author has made the chemistry of 1-hydroxyindole, a fictional chemical substance that did not actually exist,
a reality. He developed a general method for synthesizing 1-hydroxyindole, and the resulting I-hydroxy-N-acyl-
tryptamine derivative is a2-blocker that has the effects of eliminating active oxygen, improving blood circulation,
promoting metabolism, and anti-aging, and reduces the “itching” caused by atopic dermatitis. It also has the
effect of inhibiting platelet aggregation, and has been found to have the potential to be a stronger dementia treat-
ment than cilostazol. He also discovered a nucleophilic substitution reaction that leads to serotonin and melatonin
derivatives, and found that melatonin tribromo derivatives can activate osteoblasts and become a treatment for
osteoporosis. Furthermore, by incorporating the 1-hydroxyindole structure into the chemical structures of phyto-
alexins, p-carbolines, ergot alkaloids, yohimbine, etc., it has become possible to create new pharmacologically
active substances that add the above effects to the pharmacological actions of the original substances. We also
demonstrated that 1-methoxyindole derivatives function as anticancer agents in our daily diet and are useful for
maintaining health. Furthermore, we found that acetaldehyde produced from ethanol by oxidation with active
oxygen reacts with the neurotransmitter serotonin in the presence of nicotine and KF and is easily converted
into neurotoxins such as 1H-azepino[5,4,3-cd]indole and/or tryptamine-4,5-dione, revealing that refraining from
smoking and drinking is important for maintaining healthy physical and mental functions and suppressing aging.

N J

Introduction

When synthetic organic chemists or pharmaceutical research-
ers aim to create a low molecular weight pharmacologically
active substance, or “drug,” there is a general methodology for
proceeding research. Using a computer, we can search through
amounts of past knowledge and literatures for new and complex
natural product isolated and structure-determined by natural
product chemists, or drugs or ingredients that exhibit the desired
pharmacological action discovered by medical researchers. This
method attempts to synthesize the natural products or com-
pounds obtained in this way, or a group of analogues, as target
compounds. The joy of achieving the total synthesis of a target
compound by discovering and creating new reactions and incor-
porating them into the synthetic process, even when a synthesis
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is deemed extremely difficult even when various known synthet-
ic reactions are combined, is exceptional. You can feel a sense of
accomplishment and pride in being the first to complete the total
synthesis. Furthermore, you can obtain the target substance and
its structural modifications as "seeds" that can be developed into
new drugs with the desired pharmacological activity [1].

If the target compound exists in the world, it is easy to conduct
synthetic research. The fact that it definitely exists guarantees
the possibility of achieving the goal from the beginning. How-
ever, if the target compound does not exist, or if it is a fictional
compound whose existence is unknown, a whole different di-
mension of difficulties awaits. The unknown world that has nev-
er been seen yet exists in the researcher's “creativity, inspiration,
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imagination, fantasy, and/or belief”[2]. He must continue to ap-
proach the target while secreting a large amount of dopamine to
increase his motivation to challenge himself, and accumulating
the joy of small results from his tireless efforts. A challenge to
the impossible may waste his research life. It will be a lonely
challenge without any allies, and he will have to spend his whole
life on it.

The author has suffered for many years from the itchiness of
atopic dermatitis and sleep disorders caused by damaged skin.
He desperately longed for an effective treatment and sleeping
pill that would eliminate the itchiness and pain. All of the drugs
prescribed by dermatologists and internal medicine doctors,
such as antihistamines, steroids, and sleeping pills, which were
said to be effective against the itchiness, were ineffective. Even
folk remedies that had spread by word of mouth were of no help.

The author can use himself (a human) instead of mice to eval-
uate the effectiveness of treatment for itchiness. Taking this ad-
vantage, he decided to create a drug that would definitely work
on humans and stop the itchiness and pain, so that he could sleep
soundly, in order to save himself. However, there were no spe-
cific candidate compounds that could be used as a target to sup-
press the itchiness, either at the time or now. He had to aim for
an imaginary target compound [3, 4].

Itching is a special sensation, and the pathological mechanism
that causes itching has not yet been determined as of 2025. Med-
ical experts claim that the histamine theory, dry skin theory, and
cytokine theory are the causes of itching, and that staphylococcus
aureus is the cause of its worsening. Therefore, corresponding
small molecule drugs and interleukins are targeted, and biophar-
maceuticals such as genetically modified drugs, antibody, nu-
cleic acid drugs, and immune preparations have been approved
and developed one after another. We wish to believe that data
proving their effectiveness had been obtained in experimental
animals. However, the evaluations of human patients who have
been prescribed them, including the author, are unsatisfactory.
In addition to the appearance of many unnecessary side effects,
they are extremely expensive, causing suffering to patients. The

Figure 1

definition of a "medicine" claimed by the author is a substance
that satisfies the following two points: first, a substance that is
effective and has no unnecessary side effects, and second, a sub-
stance that is affordable and available to anyone.

The author disregarded the many existing theories. And calmly
observed and analyzed the condition of his own skin and body
where the itching occurred in order to identify the cause of the
“itch”. As a result, he came up with his own hypothesis that the
“itch” occurs when peripheral blood vessels narrow, blood flow
is stagnant, and microthrombi begin to form, and that it is caused
by the time and place when surrounding cells begin to sense the
damage due to the “partial generation of active oxygen” [3, 4].
Based on this theory, the author imagined that the itching could
be stopped by eliminating active oxygen, improving blood flow,
and developing a peripheral vasodilator. When asked about a
“removal agent for active oxygen”, medical professionals would
immediately think of vitamins, carotenoids, polyphenols, glu-
tathione, superoxidase dismutase, etc., and select related com-
pounds as development targets.

Imaginary 1-Hydroxyindole Chemistry

The author, an organic chemist, changed his way of thinking and
indulged in his own imagination. He focused on tryptophan (1,
Figure 1), an essential amino acid that is a component of proteins
and has an indole skeleton, as a “candidate for removing active
oxygen”. The reactive site for tryptophan to remove active oxy-
gen must be the nitrogen atom at position 1, which has the high-
est electron density in the molecule. This nitrogen atom is hy-
droxylated or hydroperoxylated by oxidation. He imagined that
it would be oxidized to 1-hydroxy-tryptophan (2a) or 1-hydrop-
eroxy-tryptophan (2b) (1-hydroxy-indole hypothesis). Howev-
er, there has been no precedent for the isolation and structural
determination of natural products with the structures 2a and/or
2b. The imaginary and original 2a and 2b, which no one has
ever seen before, make them a fantastic synthetic target worth
challenging. The author began his research with a strong belief
that he could discover and create a substance that suppresses
“itchiness”.
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This challenge took more than 30 years of trial and error. As a
result, our tenacity bore fruit and we were able to develop a sim-
ple general synthetic method, as shown in Scheme 1, in which
1-hydroxyindole (5) is synthesized via 2,3-dihydroindole (4)

from indole (3). By applying this method to N-acyltryptamine,
we succeeded in developing a group of compounds that instantly
relieve “itching”.

Scheme 1 Na, W0, - 2H,0 or
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Development of 1-Hydroxyindole Chemistry [5-10]

The general synthesis of 1-hydroxyindole involves first reacting
indole (3, Y=Z=H) with Et3SiH or NaBH3CN in trifluoroacetic
acid to give 2,3-dihydroindole (4, Y=Z=H) (Scheme 1). Next,
the dihydro compound is reacted with 30% H202 (or urea-hy-
drogen peroxide adduct) using Na2WO4-2H20O as a catalyst.
This allows a mild oxidation reaction to occur, synthesizing
1-hydroxyindole (5, Y=Z=H). Unsubstituted 1-hydroxyindole
itself is an extremely unstable substance that immediately reacts
with oxygen in the air to form tar as soon as it is isolated and
purified.

When the 1-hydroxyl group was alkylated or acylated, when
an electron-withdrawing group such as a nitro group or an acyl
group or a 2-0xo group was present as Y or Z, or when an ami-
noethyl group was present at the 3-position, the 1-hydroxyindole

derivative became a stable substance. When the 1-position was
a methoxy group, it was particularly stable. 1-Methoxyindole
could be stored in the dark for more than two years at room tem-
perature in the presence of air. [5-10]

Discovery of a Novel a2-Blocker and Instant Relief of “Itching”
We therefore attempted to synthesize N-acyl-1-hydroxytrypt-
amines, which were expected to be stable. As shown in Scheme
2, the acid anhydride or fatty acid chloride prepared by reacting
the desired fatty acid with methyl chloroformate was reacted
with tryptamine (6) to give N-acyltryptamines (7a-g) in high
yield. The compounds 7a-g were then reduced with Et3SiH in
the presence of trifluoroacetic acid to synthesize N-acyl-2,3-di-
hydrotryptamines (8a-g). Furthermore, N-acyl-1-hydroxytrypt-
amines (9a-g) were synthesized by reacting 8a-g with 30%
H202 or urea-H202 adduct using Na2WO4:2H2O0 as a catalyst.

Scheme 2 .
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In the same manner, various N-acyltryptamine derivatives (10-
13) were synthesized (Figure 2). The efficacy of yohimbine, a
known potent a2-blocker with peripheral vasodilatory proper-
ties, was set at 100% and the efficacy of the N-acyltryptamine
derivatives was compared. The results are shown in Figure 2 as
percentages using red text. The potency of the a2-blocker activi-
ty of the N(1)-OH compound, N-acyl-1-hydroxytryptamines (9),
was found to be equivalent to that of the corresponding N(1)-H
compound, N-acyltryptamines (7). In other words, 7g has an
a2-blocker activity almost as strong (80%) as yohimbine. More-

over, after 7g worked as dilating peripheral blood vessels and
removed active oxygen, the resultant oxidized product 9g, also
had a peripheral vasodilatory activity almost as strong (79%).

Furthermore, the a2-blocker effect was found to increase with
the number of carbon atoms in the Nb side chain from four (7d,
9d) to nine (7g, 9g), reaching the highest level. It was also found
that the effect was enhanced when the side chain contained an
adamantyl group, as seen in 10-13. [11-14]

Figure 2
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Since the author obtained the desired compound, 7g and 9g, he
created a skin care cream using these. When he applied it to the
itchy area, the “itching” disappeared instantly, to his surprise.
After repeated trials, he asked an acquaintance who suffers from
atopic dermatitis to try it, and the same effect was confirmed.
After that, he requested oral administration toxicity tests in mice
and allergy patch tests in humans to confirm safety. In response
to requests from people who wanted to try it after hearing about
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it through word of mouth, he provided the cream. It has relieved
many people who were long time suffering from “itching” that
could not be cured by dermatologists [15-17].

During this time, the author asked specialists to perform a bio-
assay using mice to suppress “itching”. However, the tests re-
peatedly returned the answer that there was no effect. Recently,
research on “itch” has begun using fish as an assay other than
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mice. Can mice and fish claim that this substance has eliminated
“itch”? The author is very skeptical [18].

As a result, his time was wasted in vain. Recently, when the
author asked a different researcher, he was finally able to get a
report that the effect was seen in mice [19]. However, five years
ago, if he had not tested it on himself, a human, he would not
have been able to discover the effect of eliminating “itching”,
including the absence of side effects. We reminded of the de-
velopment story of the asthma treatment Intal (sodium cromo-
glycate) [20]. As the author states, if there was no method to
evaluate the effectiveness in humans (himself), Intal probably
would not have been developed. Recently research using IPS
cells progresses. Recently, research using IPS cells has pro-
gressed. If an assay method for measuring "itch" using IPS cells
can be established, it could be a solution, and we look forward
to future developments.

As we will discuss later, we found that N-acyl-1-hydroxytrypt-
amine compounds (7g and 9g) have the effects of treating blem-
ishes, treating acne (scars), healing muscle pain, wound healing,
hair growth, promoting metabolism, activating osteoblasts, in-
hibiting apoptosis, treating erectile dysfunction, and anti-aging
[21-22]. The chemistry of 1-hydroxyindole derivatives is linked

Scheme 3

to serotonin and melatonin, and treasure trove of pharmacologi-
cally active substances.

Discovery of Nucleophilic Substitution Reactions in Indole
Chemistry

In indole chemistry, only electrophilic substitution reactions
have been known, and there are no examples of nucleophilic
substitution reactions, in the past.[23-25].

In the 1-hydroxyindole hypothesis, the author imagined an at-
tractive nucleophilic substitution reaction. Thus when the side
chain at the 3-position is an aminoethyl or N-acetylaminoethyl
group (Scheme 3, 9b), we hypothesized that a nucleophile (Nu)
would be introduced at the 5- or 7-position of the benzene ring
of the indole skeleton when the 1-hydroxyl group is dehydrated
and eliminated by reaction with acid, to the product through in-
termediate 14. If the nucleophile is a water, the product becomes
a serotonin compound (15a). When 15a is methylated in vivo,
it becomes a melatonin derivative (15b). This would present a
new mechanism that is not common knowledge [26, 27]. Fur-
thermore, it may be possible to add the pharmacological action
of serotonin or melatonin to 1-hydroxyindole derivatives. How-
ever, at the time, the only reaction mechanism proposed in vivo
for introducing a hydroxy group to the benzene ring was NIH
SHIFT [28, 29].
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As shown in Scheme 4, when 9a and 9b were reacted with water
in the presence of acid, a nucleophilic substitution reaction oc-
curred and a hydroxy group was introduced. The amide group in
the side chain was then subjected to alkaline hydrolysis, yielding
serotonin (16) in a yield of 73%. Similarly, when Nb-methoxy-
carbonyltryptamine (9b) was treated with BF3 in MeOH, a me-
thoxy group was regioselectively introduced at the 5-position,

yielding melatonin (18) in 85% yield. Furthermore, when 9a was
treated with BF3 in MeOH, 17 was obtained. Melatonin (18)
could also be synthesized by subsequently performing alkaline
hydrolysis of the side chain and acetylating the free amino group
with Ac20. Thus, an unusual nucleophilic substitution reaction
was discovered in indole chemistry.

Scheme 4
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H', HO HO MeD MeD
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Melatonin and Osteoporosis

Easily and economically, we have been able to synthesize mela-
tonin (18), a pineal hormone known as a circadian rhythm regu-
lator and sleep aid, from N-acyl-1-hydroxytryptamine.

In particular, among the many pharmacological actions of mela-
tonin, we focused on its effect on osteoporosis, which develops
with aging and has become a social problem. Currently, the only
osteoporosis treatment, bisphosphonates, attenuate the activity
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of osteoclasts. However, they do not activate osteoblasts. To be a
treatment for osteoporosis, it is necessary to activate osteoblasts
to increase bone mass and strengthen bones.

We have confirmed that melatonin has the effect of suppress-
ing bone loss in astronauts living in zero-gravity space [30, 31].
Therefore, we decided to search for melatonin derivatives that
activate osteoblasts.
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In conventional assays, osteoclasts and osteoblasts are cultured
separately, and the test substance is applied to them to deter-
mine the effect of each. This method ignores the most important
interaction between osteoclasts and osteoblasts in vivo. On the
other hand, Hattori and Suzuki have succeeded in developing an
assay method to determine the effect in a system using goldfish
gills, where osteoclasts and osteoblasts coexist and closely in-
teract with each other [32-40]. Using this best assay method, we
started to search for a drug for treating osteoporosis.

As shown in Scheme 5, melatonin (18) was first reacted with
Br2-NaOAc (3 mol eq.) to synthesize 2,4,6-tribromomelatonin

(19) in 94% yield. In this reaction, 4-bromo (20), 2,4-dibromo-
(21), and 2,6-dibromo- (22) were also produced as by-products.
Next, 19 was reacted with allyl bromides, propargyl bromides,
and benzyl bromide to give 1-allyl- (23a), 1-propargyl- (23b),
and 1-benzyl- (23c) in 95, 97, and 83% yields, respectively. Us-
ing a similar reaction pathway, 1-hydroxytryptophan derivative
(24) was converted to 25 by nucleophilic introduction of a me-
thoxy group at the 5-position to give 2,4,6-tribromotryptophan
derivative (26). The compound 26 was then reacted with allyl
bromide, propargyl bromides, and benzyl bromide to give the
corresponding 27a, 27b, and 27c¢ in yields of 99, 94, and 96%,
respectively.[39-52]

Scheme 5
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When the goldfish gill-assay was applied to these bromo-com-
pounds, 23¢ was found to activate osteoblasts. In addition, the
corresponding tryptophan derivative (27c) was found to activate
osteoblasts and deactivate osteoclasts. As a result, it was con-
cluded that 23c and 27c¢ are promising candidate compounds for
osteoporosis treatment, increasing bone density.

Figure 3

The a2-blocker activity of the bromo derivatives (20, 21, 22) ob-
tained here was also measured in comparison with the potency
of yohimbine set at 100%, and the results are shown in red and
expressed as a percentage in Scheme 5.

Platelet Aggregation Inhibitor
The authors were also simultaneously searching substances that

HHC O;Me

N
|
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28

would prevent thrombus formation to prevent the onset of “itch-
ing”, and improve blood flow to prevent the onset of cerebral
and myocardial infarction.

We continued to examine the anticoagulant effects of the 1-hy-
droxyindole compounds using platelet-rich blood from

rabbits. Finally, we found that 1-hydroxyindole compounds es-
sentially have antiplatelet aggregation effects [53-56].

That is, the IC50 values of our compounds are shown in Table
1 together with the IC50 value of cilostazol (Entry 7), which is
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known as a platelet aggregation inhibitor. These data show that
the platelet aggregation inhibitory potency of all 1-hydroxyin-
dole compounds is equal to that of cilostazol. In particular, 9a
and 28 in Figure 3 were found to be potent. Furthermore, when
the percentage of aggregation inhibition was examined when the
sample concentration was changed, 9a and 28 were found to be
stronger than cilostazol. These compounds showed an inhibitory
effect on aggregation even at low concentrations of 10 to 107
(M). Thus, as expected, we were able to discover a potent sub-
stance that inhibits thrombus formation.
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Dementia

Cilostazol, a platelet aggregation inhibitor, has been found to be
effective in treating dementia [57]. Therefore, the compounds
shown in Table 1 are expected to have similar therapeutic ef-
fects. Furthermore, the authors discovered that Nb-acyl-1-hy-
droxytryptamines such as 9a have an apoptosis inhibitory effect.
Apoptosis inhibitors can stop the decrease in normal cells that
occurs in neurodegenerative diseases such as Alzheimer's dis-
ease, Parkinson's disease, dementia, Huntington's disease, and
cerebral ischemia, as well as diseases such as AIDS. They are
also expected to prevent and improve side effects caused by
apoptosis that occur in myocardial infarction, arteriosclerosis,
and ultraviolet light such as radiation or anticancer drug treat-
ment. We hope that our compounds may become platelet aggre-

Figure 4

gation inhibitors and dementia treatments that are more power-
ful than cilostazol.

Phytoalexin and Anticancer Drugs

Reflecting the extremely stable nature of 1-methoxyindole,
many natural products with the 1-methoxyindole (29) structure
have been isolated and their structures determined in recent
years. For example, as shown in Figure 4, there are phytoalexins
from radish (daikon) (30) and wasabi (31) indole acetonitrile de-
rivatives (32), tryptamine derivatives, N,N- dimethyltryptamine
(33), methoxybrassinin (34) indole glucosinolate (35), and pep-
tide derivatives, neoxaline (36), apicidin (37), and HUN-7293
(38) [59-71].
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The authors believe that the existence of these compounds in
nature is supporting evidence that natural products with the cor-
responding 1-hydroxyindole structure exist in the plants, micro-
organisms, and so on. Furthermore, these compounds have use-
ful pharmacological effects. The authors speculate that natural
products with the corresponding 1-hydroxyindole structure are
necessarily present in the body and play an important role in
maintaining health in daily life, such as antioxidant effects, cog-
nitive function improvement effects, blood flow improvement,
skin beautifying effects, and anticancer effects.

The author attempted to synthesize daikon (radish) and wasa-
bi phytoalexin (31) and its derivatives (Scheme 6). Specifically,
the Vilsmeier reaction of 1-methoxyindole (29) afforded daikon
phytoalexin (30) in 88% yield. Subsequent oxidation of 30 with
NaClO2 afforded 1-methoxy-indole-3-carboxylic acid (39) in
95% yield. The subsequent methylation with CH2N2 afforded
quantitative synthesis of wasabi phytoalexin (31).

By applying the 1-hydroxyindole synthesis method to 5-nitro-
(40) or 6-nitroindoline (41), 1-hydroxy-5-nitro- (42) and 1-hy-
droxy-6-nitroindole (43) could be synthesized in high yields.
Both 42 and 43 had the same acyl group activating properties
as 1-hydroxy-1,2,3-benzotriazole (44). In other words, when 39
was reacted with 42 or 43 in the presence of DCC, the activat-
ed esters 45a and 45b were obtained in 84% and 89% yields,
respectively. Then, when 45a and 45b were reacted with nuc-
leophiles, various wasabi phytoalexin derivatives (46a-h) with
nucleophiles were obtained. The yields of 46a-h were better than
those of 44, and the highest yield was obtained when the acti-
vated ester 45b was used. If a certain peptides or proteins con-
taining 1-hydroxytryptophan exist in the body, we can assume
that they play a role in acylation or phosphorylation of import-
ant substances in the body by activating the acyl or phosphoryl
group through 1-acyloxy- or 1-phosphoryloxy-tryptophan.

Scheme 6
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On the other hand, we ingest various allergens and carcinogens
with every meal, including burnt food, yet the incidence of stom-
ach cancer and allergies is low. The author believes that this is
because we simultaneously ingest anticancer and/or antiallergy
substances such as indole glucosinolate contained in cruciferous
plants that we eat as side dishes. Therefore, it is important to
examine the pharmacological effects of phytoalexin, 46a-h, and
their analogues contained in radishes and wasabi.

We hope that from these compounds, anticancer drugs, diabetes,
arteriosclerosis, colon cancer, dementia, depression, and oth-
er diseases will be developed, and that skin health promoting
agents will be developed to improve the distribution of intestinal
bacteria and metabolic syndrome.

Ergot Alkaloids

Ergot alkaloids are indole alkaloids produced by the ergot fun-
gus (Claviceps purpurea, etc.) that parasitizes cereals such as
wheat and rye (Scheme 7) [72, 73]. They have a 4-ring structure,

Page No: 07 /

www.mKkscienceset.com

such as lysergic acid (47) and agroclavine (48), and act on adren-
aline, dopamine, and serotonin receptors. They exhibit a variety
of pharmacological actions, including cerebral vasoconstriction,
uterine smooth muscle contraction, hallucinations, and nervous
system actions that induce euphoria and a cheerful mood. The
homologous 3-ring alkaloid chanoclavine (49) has been reported
to have no ergot-like activity and no significant pharmacological
action. We expected that by adding our 1-hydroxyindole chemis-
try to the chanoclavine derivative, 6,7-secoagroclavine (50), we
could create novel pharmacological substances.

Then, radish phytoalexin (30) was reacted with TI(OCOCF3)3,
followed by treatment with KI, to obtain 1-methoxy-4-iodoin-
dole-3-carbaldehyde (51) in 91% yield. Next, 51 was react-
ed with 2-methyl-3-buten-2-ol under Pd(OAc)2 catalyst, which
introduced a C-5 unit at the 4-position, and 52 was synthesized
in 93% yield. Further aldol condensation with nitromethane gave
53 in 97% yield. The nitrovinyl group was reduced with NaBH4,
and in the presence of the nitronate formed in the reaction solu-
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tion, it reacted with the allyl cation formed on the side chain to
cause a ring-closing reaction, and 54, which formed a tricyclic
ergot alkaloid skeleton, was synthesized in 64% yield. Next, re-
duction with Zn (Hg) in HCI gave the amino compound (55) in
86% yield. The reaction of 55 with CICO2Me or CH3CH2CO-
Cl afforded 56a and 56b in 93%, 90%, respectively. Reduction
of 56a and 56b with LiAlH4 afforded 1-methoxy-6,7-secoag-
roclavine (57a) and 4,5-trans-1-methoxy-5-(2-methyl-1-pro-
pen-1-yl)-4-propylamino-1,3.4,5-tetrahydrobenz[cd]indole
(57b) in 77%, 63%, respectively. Catalytic reduction of 57b
with 10% Pd/C catalyst afforded quantitatively 4,5-trans-5-(2-
methyl-1-propen-1-yl)-4-propylamino-1.3.4,5-tetrahydro[cd]
indole (57c) [74-76].

When we examined their pharmacological effects, we found that
57b and 57c, which are chanoclavine-type ergot alkaloid deriv-
atives, exhibit dopamine agonist activity, although it is weaker
than bromocriptine and ergometrine [77, 78].

Parkinson's disease, which affects many patients, is character-
ized by resting tremor, bradykinesia/akinesia, and muscle rigid-
ity. As the disease progresses, dementia may develop, and when
“itching” is added to these symptoms, the hellish suffering be-
gins.

We believe that the dopamine agonists 57b and 57¢ may be ap-
plicable as treatments for Parkinson's disease.

Scheme 7
OH
NO,
CHO TN
|
CH3NC2 N
PHOA) 52 Ope 979, 53 I -
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a) Rl= Me,R¥= OMe
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p-Carboline Derivative, Metabolism Promotion

Many pharmacologically active substances containing an in-
dole skeleton, i.e., B-carboline (58, 9h-pyrido[3.,4-bJindole) are
known as natural products. Examples include harmine (59),
6-hydroxyharman (60), isoharmine (61), and 9-methoxy-1-vi-
nyl-B—carboline (62), which exert hallucinogenic effects in the
central nervous system; 9-alkyl-3-methoxycarbonyl-p-carboline
(63), which exhibits antiviral and anticancer effects, and eudi-
stomin alkaloids (64a-d) [79-82]. Furthermore, -carboline de-

rivatives are the base for compounds that exhibit a variety of
biological activities, including antiparasitic, anti-inflammatory,
anticonvulsant, antibacterial, and antiviral. Among the natural
indole

alkaloids, pharmacologically active compounds with 2-oxin-
dole or 3-oxindole structures, such as (-)-coerulescine (65a),
(-)-horsfiline (65b), and (+)-paraherquamide B (66), are known,
as shown in Figure 5 [83-91].

Figure S 4
-
o Il | "o |
i N e
58 p-carboline 29 Harmine

64
R'= Me, Et, CHoPh
R2= Me, Et

a) Rl = H: (9)-Coerulescine
b) R = OMe:(-)-Horsfiline

RO 2, =
N
o s e
60) R=H 6-Hydroxyharman 62
)?;Iu

61) R=Me: Isoharmine
o

(n}
66

(+)-paraherquamide E

65

Page No: 08 /

www.mKkscienceset.com

Wor Jour of Molecu Medicine 2025



Scheme 8
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It has been found that 1-hydroxyindole compounds undergo a
wide variety of reactions specific to their structures when the
reaction conditions are changed [92]. Based on the 1-hydroxy-
indole hypothesis, the author predicted that when the compound
with the structure 67 (Scheme 8) reacts with an acid and the
1-hydroxyl group is dehydrated, substituents at the 2- or 3-po-
sition may rearrange to form 2-oxindole (68) and/or 3-oxindole

(69) [2].

Furthermore, we imagined that if we could create a new group
of derivatives with a B—carboline skeleton (58), 2-oxi- (68) or
3-oxindole skeleton (69), we would be able to discover new
compounds with the desired peripheral vasodilatory and throm-
bolytic properties. In addition, by applying the 1-hydroxyindole
synthesis method to 70c, we were able to synthesize 71d. The
compound 71d also has platelet aggregation inhibitory proper-
ties, and as shown in Table 1, it showed the same efficacy as
cilostazol.

Scheme 9

Therefore, by introducing a 1-hydroxyindole structure into the
B-carboline structure, it is possible to create a new compound.
Furthermore, in addition to the inherent pharmacological effects
of the B—carboline structure, it is possible to add the a2 blocker
effect, antithrombosis effect, and peripheral vasodilator effect of
1-hydroxyindole, and it is predicted that this will open the door
to a new group of pharmacologically active substances.

Meanwhile, Colegate and co-workers isolated and identified
(-)-coerulescine (65a) from Phalaris coerulescens. We noted that
Phalaris plants generally contain 1,2,3,4-tetrahydro-p-carbolines
(70a,b), and hypothesized that the related alkaloids (—)-horsfil-
ine (72b) and 72a were biosynthesized from 70a and 70b via
the corresponding 9-hydroxy-p-carbolines (71a and 71b), re-
spectively (Scheme 9). The general method for the synthesis
of 1-hydroxyindoles was applied to the synthesis of 9-hy-
droxy-1,2,3,4-tetrahydro-2-methoxycarbonyl-B-carboline (71d).
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a)R=H a)R'-H,Rz-H a:R'-H,R?-H B)R = OMs
BIR = Me bIR! = OMe, R?= Me B)R'= OMe, RZ= Me ||: d
c) R =COO0Me c)R1=H, RZ2=Me c)R1=H,R2= Me
{d)R‘-H.Rz-CDOMt d)R'"=H, RZ= CODMe~— . 2N
i
77
71a 72a+78+79
§ o 71c — —~ 72c + 80 +84a e
71d—°>—= 84b A
H
78
] 1 HhMeRo
e u @ e — O
H H OH R N
H
MQ!R!M. 8“ 81 ajR=H 79
b)R = COOMe bIR = Ao
a) Nagii Og-2H30, 30% Hz05:b) MeOH- o HCI(1:3, vA), reflux;
c) HCHEI!ACCIHIH.IBHJCH; d)CICOOMe, Et;N; &) MeOH-c-HCI,
under various reaction conditions; ) AcpO, pyridine.

Specifically,theoxidationofthecorresponding1,2,3,4,4a,9a-hexa-
hydro compound (70a) by the Na2WO04:2H20-30% H202
method [7] was investigated. Representative results are summa-
rized in Scheme 10. Under the reaction conditions of Entry 3,
compound (71a) was obtained in 65% yield. Under other condi-
tions, by-products (74, 75, 76) were formed.
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Oxidation of 74 with MCPBA afforded B-carboline N-oxide (77)
and B-carboline (78) in the respective yield of 31% and 11%,
as well as 76 in 29% yield. Dehydrogenation of 75 with DDQ
afforded 76 in 75% yield.
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Scheme 10
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Similarly, oxidation of 1,2,3,4,4a,9a-hexahydro-2-methyl-B-car-
boline (70b) afforded 9-hydroxy- 1,2,3,4-tetrahydro-2-meth-
yl-B-carboline (71¢) in 69% yield (Scheme 9). Interestingly,
treatment of 75 with chloroacetyl chloride afforded 77 and 78
in 60% and 33% yields, respectively. Thus, four novel 9-hy-
droxy-B-carboline compounds (71a, 74, 75, 76) are readily
available. These compounds are useful building blocks for the
synthesis of B-carboline alkaloids and are currently being inves-
tigated for their pharmacological activities.

Obtained 71a, 71c, and 71d were treated with MeOH-cHCI (1:3,
v/v). No reaction occurred at room temperature, but 71a under-
went the expected rearrangement reaction at reflux for 1 h to
give 72a in 47% yield, with 78 and 79 in 2% and 36% yields, re-
spectively. Subsequent methylation of 72a with HCHO-AcOH-
NaBH3CN afforded (dl)-72c¢ in 91% yield, and reaction of 72a
with methyl chloroformate afforded 72d in 99% yield.

Similarly, treatment of 71¢ with MeOH-cHCI (1:3, v/v) at reflux
for 3 h afforded (dl)-72c, 80, and 6-chloro-2-methyl-1,2,3,4-tet-
rahydro-B-carboline (84a) in 42, 46, and 9% yields, respectively.
Treatment of 71d with MeOH-cHCI (1:3, v/v) at reflux for 3 h
afforded 84b in 15% yield. The structure of (dl)-72¢c was con-
firmed by direct comparison with an authentic sample prepared
alternatively according to the reported procedure. The spectral
data of our sample, the authentic sample, and the reported (-)-
72c¢ were identical in all respects. The structure of the relatively
unstable 80 was based on its spectral data and the fact that it
reacts with Ac20-pyridine to give the formyl compounds (81a
and 81b).

Similarly, refluxing 71d in MeOH-cHCI (1:3, v/v) for 3 h afford-
ed 84b in 7% yield. Refluxing 82 in MeOH-cHCI (1:3, v/v) for 3
h afforded (dl)-72d, 83, 85a, 85b and interesting rearrangements
products 86 and 87. The yields of these products varied with
reaction conditions as shown in Scheme 11.

Scheme 11
NCOOMe HHCOOMe HHCO, M
ol O™ S
N 0 N™ "CHO N0
@@acogm 724" 83 H R _1_5
I ; a
oMe —————* H COOMe X-Ray Anaysis bl OMe
MeO. ¥ H H cOOMe
32 ) MeO. | N)
+ N + e
N i:rf:[o
86 oMe 87
Entry Ratio of Reaction Conditions Yield (%) of
MeOH-cHCI (v/) Temp. (*C)  Time (h) 72d 83 85a 85b 86 87 Recovery
1 1 :3 23 05 21 3 3 0 1] 0 1]
2 2 7 1 19 38 4 0 19 [ 3 5 27

The structure of (dl)-72d was confirmed by direct comparison
with an authentic sample, which was synthesized independent-
ly following the reported procedure.[4c] The spectral data for
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our sample, the authentic sample, and the reported (-)-72d were
identical in all respects. The structure of the relatively unstable
80 was based on its spectral data and on the fact that it reacts
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with Ac20-pyridine to give the formyl compounds (81a and 81b). The structure of 87 was determined by X-ray crystallography.

Scheme 12 oF
( .1 pio Cl cl rJHz
a
i ) HOH H
¥~ OH (’HQO
Ht 71a 89 72a

The reaction mechanism of the rearrangement from 71a to 72a
can be explained as shown in Scheme 12. First, the N-hydroxy
group is protonated, followed by the attack of chloride at the
4a-carbon to generate chloroindolenine (88). Water is added to
the 9a-imine carbon atom to give 89, followed by the concert-
ed elimination of chloride and rearrangement of the alkyl side
chain attached to the 9a-carbon atom to give the 3,3-disubstitut-
ed 2-oxindole structure (72a).

In the reaction of 71d with methanolic hydrochloric acid, 72d

was not produced under various reaction conditions. In this
case, a nucleophilic substitution reaction occurred to give

Scheme 13

6-chloro-1,2,3,4-tetrahydro-2-methoxycarbonyl-B-carboline
84b in 8—16% yield, with a recovery rate of 21-30%.

The mechanism of the rearrangement from 82 to 86 and 87 can
be explained as shown in Scheme 13. Oxygen reacts with 82
to produce hydroperoxide (90), after which MeOH or water is
added to the 1-position to give 91. HCl is then added to the in-
dole ring to give 92. The chloride ion is then eliminated and the
bond at the 9a-position rearranges to give 93. Water is added to
the resultant imine moiety to produce 94. Next, elimination of
MeOH from 94 produce 86, while oxidation of 94 with the air
produce 87.
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In conclusion, we have synthesized a novel 9-hydroxy-p-car-
boline that can be used as a useful building block for the syn-
thesis of B-carboline compounds. We also discovered a novel
rearrangement reaction of the 1-hydroxyindole skeleton, provid-
ing a useful tool for the synthesis of 3,3-disubstituted oxindole
alkaloids.

The findings suggest that natural product chemists should be ex-
tremely careful when using acids to isolate indole alkaloids from
natural sources; otherwise, they may end up with acid by-prod-
uct oxindole compounds as the natural products, even if the true
1-hydroxy- or 1-methoxyindole alkaloids are present.

Yohimbine
Yohimbine (95) (Scheme 14), extracted from the bark of the yo-
himbe tree, is also an indole alkaloid [93].

It is a strong a2-blocker and dilates peripheral blood vessels. It
is known as a traditional Chinese medicine and is used to treat
erectile dysfunction, which affects an estimated 100 million peo-
ple worldwide. Viagra, Cialis, and related compounds have been
developed for similar purposes, but there are many hidden vic-
tims due to side effects. There is a need to develop a safe drug
with vasodilatory and erectile enhancing effects that reduces the
toxicity of 95.
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By incorporating the 1-hydroxyindole skeleton into yohimbine,
a new yohimbine chemistry could be developed, which would
add the pharmacological action of 1-hydroxyindole to the phar-
macological action of 95.

We anticipated that this would open the door to the discovery
of a new group of peripheral vasodilators. In other words, the
authors hoped that by synthesizing 1-hydroxyyohimbine and its
1-hydroxy derivatives, we could reduce the toxicity of 95 and
become a safe a2-blocker that would have the same or stronger
pharmacological action as yohimbine. As a result, we succeed-
ed in developing the desired lead, and preliminary test results
showed that the toxicity was lower than that of yohimbine [94,
95].

Yohimbine Rearrangement

Now, we decided to test whether the rearrangement predicted
in Scheme 8 actually occurs in the case of the yohimbine alka-
loid skeleton. First, a novel 1-hydroxyyohimbine was required.
Following the 1-hydroxyindole synthesis method, yohimbine
(95) was reduced with NaBH3CN in TFA to give 2B,73-(96)
and 2a,7a-dihydroyohimbine (97) in 18 and 79% yields, respec-
tively (Scheme 14). Then, the Na2WO4-2H20 and 30% H202
method was applied to 97 to obtain the desired 98 in stable
crystal form in 86% yield for the first time. The formation of
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by-product (96) at the first step not only reduces the yield of
98, but also complicates its separation. To improve the process,
we discovered that the reduction of yohimbine hydrochloride
(95-HCIl) with NaBH3CN in TFA produced 97 in quantitative
yield and stereoselectively while suppressing the by-production
of 96. As a result, by carrying out the two reduction and oxida-
tion steps sequentially, 98 could be obtained in 86% yield from
95-HCI [94, 95].

For the purpose of developing biologically active substances, we
found that new 1-acyloxyyohimbine derivatives could be syn-

thesized by reacting 98 with acylating reagents. Furthermore,

Scheme 14

we investigated the synthesis of various derivatives. As a result,
when 98 was methylated with CH2N2, the 1-methoxy com-
pound (99a) was obtained in 77% yield.

By using alkylating agents in DMF with K2CO3 or CsCO3 as
a base, 1-butyloxyyohimbine (99b), 1-allyloxyyohimbine (99c¢),
and 1-p-nitrobenzyloxyyohimbine (99d) were synthesized in 93,
99, and 90% yields. 1-Propargyloxyyohimbine (99¢), 1-isopro-
pyloxyyohimbine (99f), 1-(2-methoxycarbonyl)ethoxy- yohim-
bine (99g), and 1-cyclohexyloxyyohimbine (99h) were also ob-
tained in nearly quantitative yields. These products, including 98
itself, showed potent a2 blocker activity [94, 95].

Nagl 0, 2H,0, 30% Ha0,

T 1) K0y
Nagh Oy 2H,0 or Csal Oy
B B — ]
30% H;0, 2) R-halides

a)R =Me; b) R =Bu; ¢)R = allyl;

d) R = p-nitrobenzyl, e) R = propargyl;
f) R = iso-Pr; g} R = CH(Me)COOMe;
h) R = cyclohexyl

The compound 98 in hand, we next attempted its reaction with
Ac20 in the presence of NaOAc, which is a suitable condition
to promote the rearrangement of the 1-hydroxy group, and the
results are summarized in Table 2. As can be seen from the table,

four possible products were stereoselectively produced: 7a-ace-
toxy- (100), 7a-acetoxy-17-O-acetyl- (101), 17-O-acetyl-7a-hy-
droxyyohimbine (102), and the predicted rearranged 2-oxindole
(103).

Table 2
fol- a0k 24C.13h 96%
0, Ma DA
| \1e% ez%) ‘ I T:H'-H
Acs0, Oae Qe QH %\
NaOAe AeN™ o
98 : w + X y + y u T o H
H W H H ]
MeDOC™" T MeDOC™ T Me0OC™ Y Me0OC" iy
100 " 101 °* 102 " 103
Ent NaOAc Reaction Condtions Yield (%) of
i (mole)  Temp.(C)  Time () 100 101 102 103
1 2 63 05 52 12 1] 0
2 2 65 1 7 8 1] 0
3 " " 6 23 a4 0 9
4 " " 40 1] 40 0 15
5 20 " [ 1] 1] 12 12

The rearrangement of the 1-acetoxy group to the 7a position was
best achieved under the reaction conditions described in Entry
2, giving 100 (71%) and 101 (8%). With increasing reaction
time (Entry 1-4), the yield of 100 decreased and that of 101
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increased. In Entries 3 and 4, 2-oxindole (103) was produced
as expected. The use of excess NaOAc made the reaction het-
erogeneous, resulting in a decrease in the overall yield of prod-
ucts (102 and 103) (Entry 5). When the reaction was carried out
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without NaOAc, the yield of 103 was slightly improved (16%),
and the yields of 100 and 101 were 9% and 44%, respectively
(Entry 6). Thus, we discovered a new rearrangement reaction of
the 1-acetoxy group to the 7a position in the reaction of 98 with
Ac20 and NaOAc resulting in 7a-acetoxy- (100) and 7a,17a-di-
acetoxy-7H-yohimbine (101) [94, 95].

The driving force for the migration reaction of the 1-acetyloxy
group to the 7-position can be understood from the results of a
large number of X-ray crystallography studies of 1-hydroxyin-
dole compounds as follows. The N(1)-OH bond was found to
be tilted at an angle 0 from the indole plane (Scheme 15, Figure
K). The nitrogen atom is sp3 hybridized, not sp2 hybridized, and
this explains why 98 is acetylated at the 1-position to give 105,

Scheme 15

which then undergoes a [3,3] sigmatropic rearrangement, with
the acetoxy group migrating from the less sterically hindered
a-position to the 7-position [96, 97].

The structures of 101 was unambiguously determined by X-ray
single crystal structure analysis, and their ORTREP drawing is
shown in the X-ray section. The structures of 100 and 102 were
confirmed by chemical correlation with 101. For example, treat-
ment of 100 with acetic acid and pyridine at 65 °C for 6 h gave
101 in 62% yield and unreacted 100 in 16% yield. Under sim-
ilar reaction conditions, 102 gave 101 in 73% yield, while 102
was obtained in 96% yield by regioselective hydrolysis of the
7o-acetoxy group by treatment of 101 with NaHCO3 in MeOH
at room temperature.

2

HO R"

Me0,C™

a)R=H
106 b)R.= &¢
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On the other hand, as shown in Scheme 16, Finch et al. reacted
yohimbine (95) with Pb(OAc)4 to synthesize 100, which was
then hydrolyzed by alkali to give 107. The compound was then

Scheme 16

rearranged by treatment with HCI/MeOH to give pseudoindoxyl
(108, 3-oxindole) [97, 98].
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Since we have already synthesized 107 from 95, we have succeeded in realizing the skeletal rearrangement to 2-oxy- and 3-oxindole

derivatives as predicted, as originally hypothesized [2].

Scheme 17
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We were able to confirm that a rearrangement reaction similar
to the above-mentioned 1-acetoxy group rearrangement also oc-
curs with various 1-oxy derivatives (Scheme 17). That is, the
reaction of 98 with p-nitrobromobenzene in the presence of
K2CO3 produces 1-(p-bromonitrophenoxy)yohimbine (109).
The 1-substituent then rearranges to the 7a-position to produce

Scheme 18

110 and 111. The newly generated phenoxy oxygen then binds
to the 2-indolenine carbon to form a furan ring intramolecularly
to give (2a,7a)- (112) and (2p,7B)-26-nitro-benzofurano[2,3-n]
yohimbine (113) in 53% and 13% yields, respectively (Scheme
17).
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Reaction of the main product 112 with CH2N2 opened the ben-
zofuran ring and the newly formed phenoxy group was captured
by CH2N2 to give 114 in 84% yield. Further reduction of 114
with Sn-HCl afforded the corresponding amine compound 115 in
90% yield. Subsequent acylation of 115 with acetic anhydride,
benzoyl chloride, phenylsulfonyl chloride, and methanesulfonyl
chloride afforded the corresponding acylated compounds 116,
117, 118, and 119 in 80%, 83%, 95%, and 95%, respectively.

Similarly, reaction of 98 with 2,4-dinitrofluorobenzene afforded
120, followed by 121 and 122 in 71% and 24%, respectively
(Scheme 18). Reaction of 121 with acetic anhydride afforded
123 and 124 in 59% and 4%, respectively. Reaction of 121 with
CH2N2 opened the furan ring and the resulting phenol was
methylated to give 125 in 98% yield.

A similar rearrangement reaction was observed with B-car-
bolines as with yohimbine (Scheme 19). [95] The reaction of
1,2,3,4-tetrahydro-3-methoxycarbonyl-9-hydroxy-p-carbo-
line (126) with 2,4-dinitro- fluorobenzene in the presence of
K2CO3 afforded (S)-(4an,9aa)-(130) and (S)-(4aa,9aa)- 30-me-
thoxycarbonyl-1,13-dinitro-1,2,3,4-tetrahydro-9H-benzo-
furano[2,3-m]-B-carboline (131) in 46% and 35% yields, respec-
tively. The reaction first afforded the 9-(2,4-dinitrophenyloxy)
derivative (127), followed by rearrangement of the 9-(2,4-dini-
trophenyloxy) group to the 4a-position to give 128 and 129.

Subsequent ring closure of the phenoxy oxygen to give the ben-
zofurans, 130 and 131.
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Treatment of 130 with CH2N2 afforded the methylated analogs
132, 133, and 134 in 27%, 16%, and 18%, respectively. Acetyl-
ation of 130 with Ac20 and pyridine afforded 135 in 70% yield.
[92, 93, 94, 95] The compound 135 crystallized well, and its
structure was confirmed by X-ray crystallography.

Discovery of Nucleophilic Substitution at the 7a Position of
Yohimbine

When 1-hydroxyyohimbine (98) is reacted with p-toluenesulfo-
nylchloride in the presence of a base, an unstable 1-tosyloxyyo-
himbine (136) is obtained with the 1-tosyloxyl group as a leaving
group Scheme 20. Therefore, we thought that if a nucleophile is
present in the reaction system, the nucleophile will attack the
7-position following the SN2’ mechanism as the 1-substituent

eliminates, and a 7-substituted yohimbine derivative will be ob-
tained. Indole was selected as a nucleophile with strong nucle-
ophilic ability, and reacted with 98 in the presence of triethyl-
amine in CHCI3. As expected, 137 was produced in 19%, with
the nucleophile added from the 3-position of the indole ring to
the 7-position of yohimbine.

In the same way, by using appropriate nucleophile, such as pyr-
role, phenol, and N,N-dimethylaniline, it became possible to
synthesize yohimbine derivatives with the desired nucleophile
added to the 7-position. What pharmacological effects will these
compounds have? We look forward to seeing future research re-
sults [93, 94, 95].

Scheme 20
MNu
CHCl3 EtN §' N
98 ———————> L"JH
S04C1 B H
"

Me

Nu = indole, pyrrole,

phenol, apprppriate
nucleophiles
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How to Keep Mental Function Normal

Serotonin is a neurotransmitter that reduces stress and anxiety,
stabilizes the mind, improves mental agility, and enhances in-
tuition and imagination. It is also known as a brain substance

that activates the brain, improving sleep, suppressing appetite,
relieving pain, etc. Social problems such as depression, demen-
tia, mental illness, and alcoholism caused by a lack of serotonin
are endless.

Scheme 21
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It is well known that ethanol is metabolized to acetaldehyde in
the cytoplasm of brain neurons. We hypothesized that acetalde-
hyde is converted into a substance that inhibits normal mental
function.

In fact, we demonstrated that when serotonin and acetaldehyde
are allowed to coexist in water at body temperature (36.5°C)
in the presence of acidic amino acids such as L-glutamic acid,
the known Pictet-Spengler type cyclization product 1,2,3,4-tet-
rahydro-6-hydroxy-1-methyl-B-carboline (139) is produced, as
shown in Scheme 21. [99, 100]
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On the other hand, we discovered that under similar conditions,
in the presence of basic amino acids such as L-histidine and
L-arginine, 3,4,5,6-tetrahydro-7-hydroxy-6-methyl-1H-aze-
pino[5,4,3-cd]indole (138) was produced as shown in Table 3.
Furthermore, under similar conditions, it was found that 138 was
also produced in the presence of nicotine, and both compounds
138 and 139 were produced in the presence of KF [99, 100]. It
is reasonable to predict that 138 and 139 will be produced in the
brain and nerves in the same way if fluoride ion and/or nicotine
accidentally enter nerve cells after smoking or drinking alcohol
and/or when using fluoride contained toothpaste or tap water.
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Table 3

IMeCHO m Sobvent
16-HCl TICTTIITTON 139+ 138 + 16
Ar (Entries 2,4—13)
. S M moteg  Temp.(D)  Teme) 9 8 16
1=l MeOH - 50 refha 1 26 0 0
1 PyTidine ot 5 1 2 34 mack 37
308 MeOH - 50 " 20 53 27 0
4 MeOH-HyO (3:1) KaCO:(1) 5 " 20 11 12 52
5 Pyridine-H0 (3:1)  KoCO5(1) " 0 3 0 30 4
6 MeOH e " ] ' 3 7 28
7 MeOH-H;0 (3:1) g‘; " i 4 24 30 33
8 H,0 I““"“E;‘;“ il g 365 6 454 0 40
9 " " " ! I 554 0 38
10 " L'H?;Sﬁ“ " i 24 Tace 12 w 63
1 ' L‘”(gf"“ " " 15 548 314 38
12 " m‘&‘;" " ! s trace 174 42
13 " f:;)‘ " 0 120 22 5 53
14 u - " " 72 53 0 39
ad The reaction was caried ot at pH 4. u? The reaction was caried outatpH 5. o The product was niot optically active .

Serotonin was also oxidized to give tryptamine-4,5-dione (140),
a neurotoxin.[101-110] Similarly, 5-hydroxytryptophan (141)
was oxidized to give the similar tryptophan-4,5-dione (142).
The reactivity of 140 was extremely high, and it reacted with
1,3-pentadiene to give the adduct 143 in 22% yield [101].

The reaction of 143 with Zn/Ac20 gave well-crystalline 4,5-di-
acetoxy-3-(2-acetylaminoethyl)-6-methyl-1H-benz[g]indole
(145) in 81% yield. The structure of 145 was confirmed by X-ray
crystallography. The corresponding tryptophan-4,5-dione (142)
was also highly reactive, and reacted with methyl mercaptan or
dimethyl malonate to give 146 and 147 in 69% and 83% yields,
respectively. These facts demonstrated that when serotonin or
5-hydroxytryptophan is oxidized by reactive oxygen species in
vivo, it generates the 4,5-diones and reacts with the surrounding
cellular components.

Both 138 and 139 are neurotoxic substances. 140 and 142 are
neurotoxins that react with components (proteins and nucle-
ic acids) of nerve cells in the brain and spinal cord, gradually
degenerating nerves. They are highly likely to reduce normal
function, cause hallucinations, and promote dementia, Parkin-
son's disease, epilepsy, multiple sclerosis, amyotrophic lateral

3¢

Clae
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sclerosis (ALS), and brain aging. In order to maintain normal
brain function and live a healthy lifespan, it is important to re-
frain from drinking alcohol and smoking as part of our lifestyle.
It is also important to prevent the production of neurotoxic sub-
stances 138, 139, 140, and 142 in the body. [101-110]

The active oxygen scavengers 7g and 9g, which we developed as
an extension of the chemistry of 1-hydroxyindole, will suppress
the generation of acetaldehyde and also suppress the production
of 140 and 142, and will serve the purpose of maintaining and
improving people's health and preventing diseases. Knowledge
of phytoalexin can suppress the occurrence of cancer by review-
ing and improving daily dietary habits. In this paper, we learned
the limitations of current osteoporosis drugs, clarified the causes
of various diseases such as neurodegeneration, and showed the
direction of drugs that are expected to be developed in the future.
It will contribute to extending people's healthy lifespan.

Structure Determination by X-ray Single Crystal Analysis
The structures of the novel compounds (101, 103, 87, 135, 136,
and 145) were determined by the X-ray single crystal structure
analysis results. ORTEP drawings are shown below.
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The Final R- and Rw-factors After Full-matrix Least-squares Refinements were 0.030 and 0.036 for 1632 Observed Reflections
[1>3.000 (I)], Respectively.
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[1>3.000 (I)], Respectively.
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The Final R- and Rw-factors After Full-matrix Least-squares Refinements were 0.060 and 0.091for 5781 Observed Reflections
[>3.000 (I)], Respectively.

www.mKkscienceset.com Wor Jour of Molecu Medicine 2025




The Final R- and Rw-factors After Full-matrix Least-squares Refinements were 0.060 and 0.091 for 5781 Observed Reflections

[1>3.000 (I)], Respectively.
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The Final R- and Rw-factors After Full-matrix Least-squares Refinements were 0.070 and 0.112 for 5144 Observed Reflections

[1>3.000 (I)], Respectively.

Conclusion

We proposed the 1-hydroxyindole hypothesis. We succeeded in
synthesizing the author’s imagined compounds 1-hydroxyindole
and 1-hydroxytryptophan, proving that the hypothetical world is
a real frontier. We also succeeded in synthesizing the imaginary
compound 1-hydroxy-N-acyltryptamine, and discovered that
it, along with N-acyltryptamine, is an o2 blocker that instantly
stops itching, has a vasodilatory effect, improves blood circula-
tion, and has an inhibitory effect on thrombosis. As an applica-
tion of this, it has saved many patients, including the author, who
suffer from the itchiness and pain of atopic dermatitis.

In addition, we synthesized phytoalexin derivatives from rad-
ish and wasabi, proving that the chemistry of 1-hydroxyindole
is useful as an anti-cancer and anti-allergic substance through
daily diet. We then discovered the nucleophilic substitution re-
action of 1-hydroxy-N-acyltryptamine to afford serotonin and
melatonin. Furthermore, we demonstrated the possibility that
brominated derivatives of melatonin and 1-hydroxytryptophan
could be promising osteoporosis treatments that suppress the
activity of osteoclasts and activate osteoblasts. Meanwhile, by
incorporating 1-hydroxyindole chemistry into ergot alkaloids,
we discovered that 6,7-secoagroclavine is a dopamine agonist.

Furthermore, by incorporating 1-hydroxyindole chemistry into
the f—carboline and yohimbine skeletons, we discovered a new re-
arrangement reaction and succeeded in synthesizing many p—car-
boline derivatives and new yohimbine skeleton rearrangements.

We also succeeded in synthesizing an a2 blocker with reduced
toxicity of yohimbine. Furthermore, we discovered a reaction
that allows any nucleophile to be introduced into the 7-position
of the yohimbine skeleton, opening the way to freely synthesize
new derivatives.

We hope that many of the new compounds described in this pa-
per will play an active role in the world in the future as treat-
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ments for dementia and osteoporosis, which the elderly face. We
sincerely hope that researchers will appear who will carry out
further pharmacological tests on the new derivatives described
in this paper in order to contribute to society.

As an important part of daily life, we found that acetaldehyde
produced from ethanol reacts with serotonin in neurons to
produce neurotoxins such as azepino[5,4,3-cd]indole and
6-hydroxy-1-methyl-B-carboline derivatives. We also clarified
that the substances that catalyze this reaction are nicotine and
fluoride ions, which shows that refraining from smoking and
drinking is one way to maintain mental function normal.

In 2024, utilizing the chemistry of 1-hydroxyindole, Chinese
researcher found that 1-hydroxyindole derivatives inhibit can-
cer growth by suppressing the action of lactate dehydrogenase
[111]. In 2025, Dr. Takahashi of kyoto university disclosed that
cancer cells metastasize by avoiding sources of reactive oxygen
[112]. The high metastasis ability of cancer cells makes can-
cer treatment difficult. Based on this new discovery, it can be
thought that an active oxygen scavenger could rob cancer cells
of their ability to metastasize throughout the body, and could
potentially become a new drug for cancer treatment. We believe
if 1-hydroxy- and/or N-acyl-tryptamine is used in combination
with an anticancer drug, it would be possible to prevent metasta-
sis and effectively attack cancer cells.

Our research results will help create low molecular weight phar-
macologically active substances that will help maintain normal
mental function and resolve social problems caused by aging
and disease.
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