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Introduction
In the near future, the total population of the Earth will over 
8 billion. Especially, in India and Africa, food production and 
supply are stagnant due to various factors, and starvation deaths 
occur one after another. A United Nations report released in July 
2022 predicted that nearly 670 million people would face hunger 
in 2030. Hunger-stricken regions are further exacerbated by hu-
man causes such as climate change, wars, civil strife, population 
increase and imbalanced logistics disruptions. Food loss is ex-
tremely serious in developed countries. Triggered by the war in 
Ukraine, food security issues have surfaced, with food produc-
ing countries hoarding food and restricting exports to food need-
ing countries because of their own priority. This is an important 
issue for the present Japan, which has a low food self-sufficiency 
rate. In Japan the expansion of arable land is limited. However, 
we should not rely on crickets or genetically engineered food 
substitutes until we can guarantee their safety. We determined 
to develop safe technologies that increase food production by 
utilizing plants, animals, and seafood inherited from our ances-
tors as they are. And we have aimed new technologies with safe 

low-molecular-weight organic compounds that will double the 
amount of food production.

The total amount of water on Earth has not changed since pre-
historic times. Ironically, human ingenuity/intellectual activity 
is destroying and transforming nature. Extremely uneven dis-
tribution of water, depletion of groundwater, floods, droughts, 
heavy snowfall, climate change due to desertification of land 
and sea, reduction of arable land, uneven westerly winds and 
ocean currents have been caused and changed from the original 
nature. Furthermore, they create and spread harmful pesticides 
and chemicals that had not existed in the natural world. Human 
beings are destroying the environment in which they live by dev-
astating the lush land and sea with their own hands. It is slowly 
killing the ‘Earth’, like cancer cells trying to live and eventually 
killing their hosts. In order to save the ‘Earth’, we need to stop 
desertification and return the world's deserts to green areas.

The challenge is to stop climate change by greening land and 
sea deserts, restoring lush sea beds, forests and grasslands. Re-
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Abstract
This review introduces the development and applications of novel plant growth promotor ‘SOMRE’ and animal growth 
promoter ‘VED’ to increase food production, stop world hunger, greening deserts, stop global warming, and restore 
the green ‘Earth’. A concrete method to use ‘SOMRE’ and ‘VED’ as ‘the Earth medicine’ is proposed. Part 1 describes 
‘SOMRE’ helping the growth of vegetables, grains, flowers, herbs, endangered and native plants in the Gobi Desert. 
It increased plant-based food and achieved greening a part of the Gobi Desert. Part 2 explains ‘VED’, increasing 
the production of cashmere wool in goats, dramatically improving their reproductivity and their meat production. In 
humans, it demonstrated to eliminate the itchiness, skin spots, and acne scars, improved wound healing and ED, etc. 
It has the potential to be used as a treatment for dementia and osteoporosis. In Part 3, the authors propose a concrete 
and practical method to end world hunger and restore the green Earth. Part 4 is the experimental part. Following the 
experimental procedures, readers can prepare ‘SOMRE’, ‘VED’ and related compounds which are a treasure trove of 
pharmacologically active substances and new ideas.
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store clean soil, water, and air to increase food production. The 
authors consider these difficult problems can be solved by devel-
oping new safe and harmless technologies that allow plants to 
perform their functions as they are. We believe there is no need 
to resort to GMOs, artificial meat, or insect diets. Food can be 
broadly classified into vegetable, animal, and marine foods, and 
there is a demand for the development of new technologies that 
can be applied to increase food production for all of them.

In his childhood, the author experienced food shortage in Japan 
after the World War II, and also saw many starvation deaths with 
his own child eyes. With a dream to prevent this tragedy from 
happening in Japan, India, Africa, and the rest of the world, he 
chose a laboratory, researching plant growth hormones, during 
his university and graduate school days. In the laboratory, the 
structure determination study of the diterpene, enmein [1]. con-

tained in Isodon trichocarpus Kudo had been continued. The 
natural product was obtained in a relatively large amount. The 
author selected 1 as a starting material and studied its structural 
transformation into the gibberellin skeleton (Scheme 1), plant 
growth hormone, with the aim of synthesizing a new plant 
growth promoter. The research required new reactions which 
achieve the internuclear inert methyl group attacking method, 
[2] formation of six membered B–ring of gibberellin skeleton, 
and subsequent B–ring contraction to five membered–ring. 
These problems were extremely difficult to solve and required 
five and a half years of effort. Finally, he was able to establish 
a synthetic route to gibberellin A15 (2)[3] and also determine 
the absolute configuration of 1. It was also found that the plant 
growth–promoting action of total synthetic (dl)-gibberellin A15 
achieved by Nagata et al. [4] is half that [5] of our natural 2.

Scheme 1: Transformation of Enmein (1) to Gibberellin A15 (2)

In spite of the success, the author could not satisfy [6, 7] because 
a substance with a complex chemical structure such as gibber-
ellin is inevitably expensive due to the long synthetic process of 
22 steps and the low overall yield. It was clear that the method 
was not suitable for large-scale synthesis and could not be used 
for the purpose of increasing food production to save the world 
from hunger.

Since then, he had noticed indole-3-acetic acid (IAA) which was 
well known plant growth hormone with simple structure and 
studied IAA derivatives [8]. He could produce various new IAA 
derivatives but he could not satisfy them from the point of plant-, 
animal-, and marine-derived food production, for enhancing 
agents that meet the conditions of being highly safe, having a 
simple synthetic route, using versatile materials, and being able 
to mass-synthesize.

In the process, he focused on tryptophan, essential amino acid. 
Tryptophan is a heterocyclic compound with a unique indole 
skeleton. Many metabolites and derivatives have been isolated 
and structurally determined as alkaloids and natural products, 
contributing to the world as bioactive substances and pharma-

ceuticals. Therefore, the author became interested in the met-
abolic process of tryptophan and IAA in the human/plant body 
and came up to the imaginary 1-hydroxyindole hypothesis 
(Scheme 2) [6, 7]. Those around us considered the author's own 
hypothesis to be ridiculous. At the time, only electrophilic sub-
stitution reactions were known in indole chemistry and aromatic 
hydroxylation was reported to proceed via the NIH shift [9-11]. 
While the author's hypothesis is that tryptophan is oxidized to 
form 1-hydroxy- (A) or 1-hydroperoxytryptophan derivatives 
(B), as shown in Scheme 2. [6, 7] He then imagined that the 
hydroxy group at the 1-position would be converted to a leaving 
group appropriately, resulting in an unprecedented nucleophilic 
substitution reaction with water [7, 9, 10].

The nucleophilic substitution reaction in indole chemistry 
was unconventional. However, applying this hypothesis to the 
metabolic process of A, B, and related indole compounds, he 
was able to imagine a series of fantasy metabolites that could 
be produced in plants and animals. He had a hunch that there 
would be a ‘medicine’ candidate [11-15] among these unknown 
compounds, for concrete and actionable ‘global solutions’ to the 
food crisis, end hunger, and climate change [7,11-15].
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Scheme: 2 1-Hydroxyindole Hypotheses, Nucleophilic Substitution

The author was worried whether the 1-hydroxyindole compound, 
a completely imaginary compound that has never been isolated 
as a natural product, could actually exist in the real world. It was 
a challenge with an uncertain future. In fact, it took about 40 
years of research to overcome the difficult problems of realizing 
a general synthetic method for 1-hydroxyindoles and opened the 
door to unprecedented 1-hydroxyindole chemistry. Fortunately, 
we were able to develop ‘SOMRE compounds and ‘VED #1’ as 
shown in Figure 1, which are safe low-molecular-weight organic 
compounds based on 1-hydroxyindole chemistry [7, 11-15].

‘SOMRE #1’ is an indole derivative and is used as a dilute 
aqueous solution of 1 ppm to 1 ppb. By simply soaking the 
seeds or roots of plants, vegetables, grains, trees, in the aque-
ous solution for a certain period of time (usually about one 
hour), the length and thickness of the roots and stems elongate 
at least 1.5—3 fold. It can also be sprayed on the leaves. In 
the basic experiments among Japan farmers, we were able to 
increase the crop yield of almost all vegetables by at least 1.3 
time [7,11-15].

Figure 1: SOMRE #1 and VED #1

In 2008, in the Gobi Desert in China, we proposed a method of 
immersing the seeds of desert indigenous plants in an aqueous 
solution of ‘SOMRE #1’ and then spraying them from an air-
plane over the desert surface to make it green all at once [16]. 
With the cooperation of the NPO in Kanazawa, ‘The Society for 
Wrapping the World's Deserts in Greenery’, we repeated pre-
liminary experiments over four years and obtained results that 
exceeded the expectations [16-18] of Chinese researchers. With 
the consent, permission, and cooperation of the local Chinese 
government who witnessed these results, we implemented a 
method of aerial spraying of ‘SOMRE-treated seeds’ from an 
airplane over the Gobi Desert, during dry season of 2010, result-
ing in the successful partial greening of the desert [17-19].

On the other hand, in India, with the cooperation of Mr. Awano 
and Dr. Mishra's laboratory at KIIT university, we have achieved 
increased production of rice and vegetables [20, 21]. The results 
were published in an international journal published in India [22].

In addition, we introduced ‘SOMRE’ and ‘VED’ as new tech-
nologies to young master's students participating in the Abe Ini-
tiative, who will lead the future of Africa [23]. Using these tech-
nologies, we are proposing and collaborating to start businesses 
to alleviate hunger and improve the environment in their home 
countries and greening Sahara Desert by increasing plant and 
animal food production [24]. On the other hand, we demonstrat-
ed that ‘SOMRE’ is effective in growing and preserving ‘Hime-
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komatsu’ (Japanese pine), one of the endangered plants [25]. In 
addition, in order to protect the endangered Japanese traditional 
technique of lacquer culture, we could develop efficient lacquer 
seedling production technology using ‘SOMRE’ and made a 
presentation at the Japan Society for Bioscience, Biotechnology 
and Agrochemistry in March 2022 [26]. 

On December 4, 2017, we received the 2017 Environment Min-
ister's Award for Global Warming Prevention Activities for our 
global contribution activities through the greening of the Gobi 
Desert in China using ‘SOMRE’ and volunteer activities to in-
crease food production in India [20, 21, 22].

As stated above, the author could build the possibility of increas-
ing the production and yield of major grains such as rice, soy-
beans, wheat, potatoes, corn and more using ‘SOMRE’ [12-15]. 
There would be a prospect of a sufficient supply of plant food 
and feed for animals, pets, and livestock.

In parallel with the above-mentioned plant food research, we 
have also focused our efforts on developing production en-
hancers for animal foods and discovered ‘VED’ [14-17]. ‘VED’ 
is also an indole derivative. It is an α2 receptor blockade and pe-
ripheral vasodilator. It improves blood circulation and enhances 
growth and reproductive ability of animals [27-30]. A four-year 
demonstration experiment in the Gobi Desert in China using 
cashmere goats proved that goats can produce many offspring’s 
and increase the production of animal food [30]. In addition, the 
increase in cashmere wool production was outstanding, bring-
ing high incomes to the nomads [28-30]. In humans, ‘VED’ is 
a product, targeted at middle–aged and elderly people that im-
proves forgetfulness (dementia), myocardial infarction/cerebral 
infarction anti–aging, sexual dysfunction (ED) improvement 
Alzheimer's disease, Parkinson’s disease [32-34].  Hair growth 
inhibition of platelet aggregation   and promotion of metabolism 
have demonstrated the potential to be a comprehensive QOL 
(quality of life) improving medicine [35-39].

Specifically, through 12 activities in the Gobi Desert, we have 
achieved our goal of reducing the number of cashmere goats, 
which is one of the causes of desertification [25, 40]. We raised 
goats employing pasture and feed harvested with ‘SOMRE’, 
and succeeded in increasing cashmere wool production [39] and 
breeding experiments [40]. In addition, we started to increase 
the production of animal foods (cows, pigs, goats) [29, 30]. On 
the other hand, in the examination of safety of ‘VED’ with fish, 
we found it is not toxic, and they grew large and healthy [41]. 
In addition, with the aim of improving human QOL in an aging 
society, we created cosmetics containing ‘VED’ and saved many 
patients from the suffering from itch of atopic dermatitis [32, 
42]. It has also been proven to be useful for the disappearance of 
skin spots due to aging. Furthermore, we were able to discover 
a tribromo-melatonin and tribromo-tryptophan derivative (detail 
in section 21-11) that can be easily obtained as a promising ther-

apeutic medicine candidate for osteoporosis which afflicts the elder-
ly, through the development of 1-hydroxyindole chemistry [43, 44].

In this review, we will introduce actual examples of ‘SOMRE’ 
and ‘VED’ that will help increase food production to eliminate 
hunger from the world. In addition, we will introduce the suc-
cess of partial greening the Gobi Desert based on our proposal of 
a concrete and practical method to green the desert. By applying 
this method to the world's deserts, we can restore green ‘Earth’ 
and stop global warming. We will also explain how VED helps 
improve a person's QOL, and how it works in conjunction with 
‘SOMRE’ to become a ‘Medicine for the Earth’.

Greenhouse Gases and Climate Change. What Causes Glob-
al Warming?
Humans have challenged nature (including Antarctic and Arc-
tic), opened waterways, constructed dams, eroded mountains, 
oil exploration, and have been happy with the joy of winning. 
But unexpected changes in ocean currents, meandering westerly 
winds, oil spill and other unforeseen happenings on land and 
in the sea on a global scale have occurred, leading to climate 
change and global warming. Now, the Earth is suffering from 
a fever. The symptoms of climate change have intensified, with 
desertification of land and sea, loss of forests, loss of glaciers, 
droughts, floods, crop failures, changes and declines in marine 
and fisheries resources, global food crises, starvation, and ex-
tinction of species. There are many urgent problems that need to 
be solved for organisms living on the Earth.

The First Working Group of the United Nations Intergovern-
mental Panel on Climate Change has concluded that CO2, a 
greenhouse gas, is the cause and culprit, from the ratio of green-
house gases present in the atmosphere shown in Figure 2. It has 
become a common understanding in the world [45]. Based on 
the idea that if we remove CO2, global fevers should be allevi-
ated and healed, intellectuals from around the world gathered to-
gether and held numerous COP meetings transcending political 
and economic systems to reduce CO2. We are narrowing down 
our wisdom. Japan has set a goal of reducing greenhouse gas 
(CO2) emissions by 46% by 2030 but developing the technology 
to achieve this goal is an extremely difficult task [46].

We should notice that besides the alleged culprit, CO2, there are 
many worse greenhouse gases. For example, methane (CH4), 
which is the main component of natural gas and is generated by 
the action of microorganisms from organic matter in the soil of 
lakes and marshes, waste matter, generated from methane hy-
drate in frozen soil and deep sea. Nitrogen oxide (N2O) is an-
other example, generated by burning fuel. The United Nations 
subcommittee has identified CO2 as the culprit and enemy, and 
has set completely irrelevant goals and policies to control its 
generation, leading global political, economic, and environmen-
tal activities in the wrong direction.
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                Figure 2	  Table 1                        Figure 3

To identify the true cause, we should consider global warming 
coefficient or erroneous results would be deduced. According 
to the IPCC Fourth Report when the global warming potential 
of CO2 is 1.0, that of CH4 is 25 times, and that of N2O is as 
high as 298 times [45]. Furthermore, that of hydrofluorocarbons 
(HFCs), which did not exist before the Industrial Revolution, is 
1,430 times that of CO2. Perfluorocarbons (PFCs) and nitrogen 
trifluoride (NF3), generated from semiconductor manufactur-
ing processes, is 7,390 and 17,200 times, respectively. Sulfur 
hexafluoride (SF6), produced for electrical insulation, is 22,800 
times. To identify which gases are true cause of global warming, 
we must multiply the proportion of each gas in atmosphere by 
its global warming potential and compare the results. The results 
are shown in Table 1, that demonstrates actual global warming 
effect of CO2 is 0.3%. The true causes of global warming are 
SF6 and HFCs, which contribute 65.4% and 30.7%, respective-
ly. If we plot the results in a pie chart, Figure 3 results. It is 
completely different from the previous Figure 2, and SF6, HFCs, 
and N2O emerge as the true culprits. This means that we must 
remove these gases, not CO2, from the atmosphere. If we do not 
reduce or eliminate such powerful greenhouse gases as SF6 and 
HFCs, we will not be able to cure the disease of the Earth.

Unfortunately, HFCs, SF6, PFCs, NF3, PFOS, PFAS, etc. are 
extremely stable chemicals and are difficult to decompose by 
chemical reactions. Even if it is decomposed by applying UV or 
high-energy radiation, harmful fluorine atoms are generated. We 
think the only way is to react fluorine atoms with Ca to convert it 
into safe minerals such as CaF2 (fluorite). But who could devise 
an economical technology to recover and concentrate these po-
tent greenhouse gases, which have diffused into the atmosphere 
in dilute concentrations, into gaseous or liquid feedstocks that 
can be subjected to radiation reactions? These essential technol-
ogies are not yet available to mankind.

CO2 is unique among greenhouse gases. Even if it exists in the 
atmosphere at a dilute concentration of about 420 ppm (as of 
2022), it can be eliminated without the need for collection, ac-
cumulation, or concentration. Plants can employ CO2 as useful 
resources as they are and contribute to the maintenance of life 
on Earth. In other words, plants form a green world environment 
in forests and in sea beds, use sunlight as an energy source, re-
act CO2 with water, and produce forests, wood, various organic 
compounds that can be used as medicines, proteins, carbohy-
drates. They convert CO2 into lipids, proteins, sugars, create the 
bodies of our animals, and also convert into various foods. In the 

chemical reaction process, oxygen gas essential for respiration is 
also produced, and oxygen that is decreasing by 4 ppm per year 
is produced and replenished.

As long as plants exist, CO2 is not harmful but rather a beneficial 
substance. CH4 can also be converted to CO2 by burning, so it can 
be positioned as a food resource as well, but there remains the prob-
lem of how to concentrate and burn the dilute CH4 gas released into 
the atmosphere. Massive emissions of non-CO2 greenhouse gases 
are rapidly accelerating the anomaly of global warming.
 
Is there no choice but to sit back and accept the worst-case sce-
nario of global warming, in which almost all life forms die sud-
denly at the same time that the Earth emits a high temperature? 
Concentration of CO2 has increased by only 100 ppm in about 
200 years since the industrial revolution due to human activity. 
Therefore, as a specific “cure for the Earth” as mentioned above, 
it is only necessary to green the whole Earth and ask plants, 
which are precious living organisms, to demonstrate their abil-
ities in food production and environmental greening. It is the 
only solution to take. Even if we give up on human convenience, 
comfort, and cultural life, we should immediately stop produc-
ing, using, and emitting greenhouse gases other than CO2.

Medicine of the Earth: Cure for the World’s food Crisis and 
Global Warming
Since the birth of mankind, the plants that created the global 
environment as “indigenous life forms” have been cut down, 
burned, and eradicated. Mankind transformed the lush Sahara 
area into the world's largest barren desert. Following a simi-
lar process, the world's second and fourth largest deserts, the 
Taklamakan and Gobi deserts, were born. The Aral Sea is dis-
appearing and turning into a desert due to mis-planned use of 
river water. Cultivating the Earth's surface all over the world 
and sprinkling a large amount of groundwater on cultivated land 
using a center–pivot method has repeatedly caused depletion of 
groundwater and salt accumulation in the soil, giving birth to 
deserts and barren land. Currently, one-fourth of the Earth's total 
land area is barren land or desert.

At the bottom of the ocean, overfishing of seaweed and seagrass 
and the destruction of fishing reefs are continuing, causing the 
oceans to turn into desert, and depriving fish and shellfish of 
their right to live. Stripped of their green clothing, the death cries 
of living plants fill the earth and the ocean floor, like the screams 
of livestock at a slaughterhouse. The "Naked Earth" is crying.
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The authors have developed ‘SOMRE’ and ‘VED’ as a one-of-
a-kind medicine for curing the Earth [13-17]. The final forecast 
scenario will dramatically improve on time if we act on now. It is 
a technology that greens the vast land and sea desert and returns 
the green clothes to the “Naked Earth”. It is a technology that 
makes all life forms happy, including humans.

Expectation from Greening the Desert
Although it would take several decades, the effect would be 
immeasurable if the entire desert, which covers quarter of the 
Earth's surface area, could be greened [13-17]. 1) First, plants 
in wide area absorb a large amount of CO2, so climate change 
will gradually stop. 2) Plants are almost the only living organ-
isms that produce oxygen, which is essential for many living 
organisms including humans. The oxygen concentration in the 
Earth's atmosphere also returns to its original state. Oxygen be-
comes ozone through a photoreaction in the stratosphere, and the 
ozone hole is repaired, restoring a bio-friendly environment. 3) 
The surface of the desert is covered with plants, and yellow sand 
from the Taklamakan, Gobi, and Sahara Deserts stops. 4) The 
surface of the Earth will be greened, the temperature will drop, 
and clouds will be brought in, and rain will return to the desert. 
5) Rain falls on high mountains in desert areas, snow returns to 
the mountain tops, and underground water revives. 6) Since the 
vast desert receives a huge amount of rain, torrential rains and 
sea level rise will stop, and no country will sink. 7) The desert 
will become cultivated land and become a base for food such 
as grains, vegetables and fruits. Various plant species grow and 
endangered species are revived. We will also be able to provide 
clothing and housing materials. 8) Restoration of animal habitats 
and restoration of biodiversity. However, these wonderful priv-
ileges are actually things that the Earth has had since before the 
birth of mankind.

Mechanisms Behind Desertification: Ideas for Realizing 
Greening [13]
How could we make the desert green with plants? To get a hint, 
let's consider the mechanisms of desertification and greening. 
Each desert has its own personality. As a model of a general 
desert, the Gobi Desert in the Arashan League of Inner Mongolia 
in China is considered as an example [13-17]. In the Gobi Des-

ert, groundwater exists about a hundred meter below the ground 
surface (Fig. 4) [13-17]. Water oozes toward the ground surface 
and rises due to capillary action and then evaporation. Thus, hu-
midity gradient is formed. On the surface, moisture content is 
0%. The amount of moisture increases with depth, and a 100% 
moisture is present about hundred meter’s underground.

As a result, even if the surface temperature of the desert is as 
high as 50 °C or higher, we can feel moisture if we dig 30 to 
50 cm below the ground surface. In fact, in the Gobi Desert, a 
stratum with a depth of between 30 and 50 cm contains about 1% 
(weight %) of moisture.

Desert plants that flourished in the past dropped their seeds to 
the surface (buried seeds) in order to leave offspring. Even in a 
natural environment, in Gobi Desert, with an annual poor rain-
fall of 100 to 200 mm or less, there is a rainy season of about 
three months. Buried seeds wait for the rainy season, and when 
the rain arrives, they come into contact with water and begin to 
germinate and start rooting all at once [13-17].

If the root length can grow into a depth between 30 and 50 cm in 
the sand layer during the three months of the rainy season, they 
have a chance to survive due to the presence of trace amounts of 
water. With a root length below 30 cm or less, short-rooted plants 
would die in the following severe dry season because of the water 
shortage. In addition, cashmere goats raised by nomads will easily 
dig up the roots and eat them. Even if plants are lucky enough to 
survive, they will freeze to death in the next severe winter of –30 
°C. Thus, many buried seeds die and disappear without producing 
offspring. In this way, desertification progresses without even a 
single plant lefting the rainy season, if the seeds can elongate roots 
to a moist sand layer at a depth of more than 30–50 cm, the indi-
vidual plant can survive. The plants with long roots endure the dry 
season, resist feeding damage by goats, and do not freeze to death 
in cold winter. The next year in the spring, the roots that have 
grown sufficiently sprout and the individual continues to live. 
When the rainy season comes around again, the roots and trunks 
become longer and thicker, and the plants grow more. Finally, the 
frequency of rainfall would increase and desert would be covered 
with green plant [13-17].

Figure 4: Mechanism of Desertification and Greening
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Based on the above consideration, we concluded that whether or 
not we can green the desert depends on whether we can develop 
a new root growth promoter that can grow roots two to three 
times longer (more than 30–50 cm) during the short rainy season 
than before [13].

Philosophy for Greening Desert: Conception of ‘Phantom 
Substances’, ‘SOMRE’ and ‘VED’
Based on the mechanism of desertification considered in the 
previous sentense, the following two points are the key for the 
success of desert greening [7, 13].
1) Whether is it possible to create a cashmere hair thickening 
agent and breeding medicine that can maintain the nomadic life 
even if the number of cashmere goats is reduced? 2)

2) Is it possible to create a new safe root/stem elongation agent 
that doubles or more the root/stem growth/elongation ability in-
herent in plants?

As for the first point: Although goats cause feeding damage, it is 
not possible to prohibit the breeding of cashmere goats, which 
are the source of income and means of living for nomads. If it 
were possible to develop a technology that would allow goats to 
grow twice as fast as before and produce more cashmere, even if 
they ate the same amount of pasture and fodder, it would also be 
possible to improve the reproductive capacity of goats, produce 
more young goats, and increase meat production [23-25]. If the 
technology could be developed, nomads will be able to earn the 
same or even more cash income even if they reduce the number 
of goats they raise. As a result, it becomes possible to reduce the 
number of grazing goats that cause feeding damage, and to stop 
desertification and protect grasslands. For this required technol-
ogy we could develop ‘VED’.

As for the second point: We have developed ‘SOMRE’, a plant 
root and stem elongator. By repeatedly using ‘SOMRE’ and 
‘VED’ in the Gobi Desert, the greening of the desert progressed 
and the nomads could live happily. In future the rain that seeps 
into the ground accumulates over many years and becomes 
groundwater, and eventually the groundwater level rises. Thus, 
the desert will be finally covered with green. In desert greening 
the following four views are also important points to be consid-
ered [12, 13].

3) We should not destroy the local natural vegetation; we do not 
bring in plants that grow in other countries because they are re-
sistant to drought and heat. Even if greening is successful, the 
original environment and ecosystem of the land must not be de-
stroyed.

4) We should rely only on the rain in the rainy season to plant 
trees in a natural way to revive and regenerate the old environ-
ment. An artificial irrigation method that pumps up groundwa-
ter should not be adopted. Deserts that have artificially depleted 
their groundwater are helpless for thousands of years until the 
groundwater is replenished. Excessive application of groundwa-
ter to the surface of desert causes salt accumulation. There are 
many examples of mankind's past failures in turning fertile land 
into barren land in this way. Collecting water from surrounding 
air powered by solar cell is the recommended technique.

5) We do not use polymeric water-retaining materials or wa-
ter-absorbing agents. Even biodegradable macromolecules 
(polymers) become monomers and metabolites during the reac-
tion process until they are degraded by soil bacteria and become 
CO2, producing acrylic acid, acetic acid, and formic acid, and 
so on. There is a high risk that the soil will become acidic and 
become barren, where plants cannot grow.

6) We do not use soil conditioners or extra chemicals. Constitu-
ents change the composition ratio of the soil. As a result, the mi-
crobial environment of the soil changes and cannot be returned 
to its original environment. In addition, abnormally proliferating 
pathogenic microorganisms will be mixed with or attached to 
yellow sand, and will rain down all over the world along with the 
above-mentioned chemical substances.

By the way, the author often encountered the phenomenon that 
after the seeds germinated, the roots did not develop well and 
the seeds gradually withered. From these experiences, we came 
to think that it is important to grow healthy roots first in order 
to grow plants. Dreaming of alleviating world hunger, greening 
deserts with poor rainfall, and covering the Earth with green 
trees, the desert needs plant’s roots three times longer (more 
than 30–50 cm) than normal (20 cm [14, 16]. At the same time, 
if there is a “phantom substance or technology” that can bring 
out the rooting power of buried seeds left by old plants and 
revive them, it will be possible to solve the food crisis and help 
endangered species. We thought that the technology would be 
“a Medicine for the Earth” that would revive life, ensure bio-
diversity, cover the entire planet with greenery, and stop global 
warming.

In fact, in a growth test from seeds of local indigenous plants 
in the dry Gobi Desert with a low annual rainfall of 100 to 200 
mm, were carried out [13]. The control plants sprouted, while 
in the SOMRE-treated plants buds were hidden just below the 
surface of the hot ground. We have had many similar experienc-
es in the initial growth. However, with the passage of time, the 
control plants withered due to the lack of water supply, whereas 
the SOMRE-treated seeds grew vigorously and the buds grew 
steadily, eventually surpassing the growth of the control plants 
and taking root. From these facts, it seemed that the SOM-
RE-treated plants patiently waited for the roots to grow, and only 
when the supply of water and minerals from the roots was estab-
lished, they would shift to the growth stage of stems and leaves. 
In other words, the author was able to obtain confirmation that 
the germination and rooting processes were not concurrent.

NAMING of ‘SOMRE’ and ‘VED’ [12, 13]
The chemical substance name of our novel plant root/stem 
growth stimulant is 1H-2-bromoindole-3-carbaldehyde (Scheme 
4, SOMRE #1, 12). Since the name is long, a simpler name was 
needed. It was named “Sommeilles (Resurrection Group)” in 
Japanese with the hope that plants that have lost their vigor in 
a severe water shortage environment will revive in groups and 
rows just by being sprayed. Luckily, the author's name in En-
glish is SOMEI, and the function is root elongation. Therefore, 
by taking the SOM of the inventor's name, taking the r and e 
from the root elongation that expresses biological activity, and 
combining them, it became SOMRE. And the Japanese and En-
glish pronunciations are the same. Later, we learned that the 
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pronunciation of SOMRE in Chinese became “Rough Buddha”, 
which means “medicine of the god”.

The chemical substance name for VED is Nb-nonanoyltrypt-
amine. As a simple name, it was named based on its function. 
That is an α2-blocker, has a peripheral vasodilator, and is useful 
for erectile dysfunction (ED) treatment. We combined the ini-
tials of each word, vasodilator, erectile dysfunction, and named 
it VED.

Synthesis of a Family of ‘SOMRE’ Compounds [13] Respon-
sibility of Synthetic Chemists [7]
The author is a synthetic chemist and has been discussing what 
a synthetic chemist should be [6]. In other words, synthetic 
chemist should not simply target and synthesize the structurally 
and pharmacologically attractive natural products. They are the 
intellectual properties of the person who discovered and deter-
mined the chemical structure of them. We should be grateful to 
those who have presented us with targets worthy of synthesis. 
During his target synthetic process, he can create new reactions 
and new compounds related to the target.

In addition, one should always consider and examine whether 
the new compounds he has created have new physical properties, 
functions, and pharmacological effects. As long as time allows, he 
should continue to improve the target natural product synthesis 
method, further develop a short-step, efficient, and economical 
synthetic method, and explore the hidden functions of his com-
pounds. Such efforts should be highly evaluated. Those who ne-
glect this effort will ignore the potential functions of his invented 
compounds. As a result, they will miss the opportunity to discover 
the excellent hidden functions, and will sentence his compounds 
to be useless [6]. For example, suppose that someone is lucky and 
later discovers new physical properties, functions, and pharmaco-
logical effects in his compounds. At that time, he should be grate-
ful, but he should not claim priority even after time has passed.

Suppose his new target compounds or synthetic intermediates 
are excellent anti-dementia drugs or osteoporosis drugs. It is 
unlikely that other synthetic chemists who value not imitating 
others will make those compounds again. Therefore, humanity 
will lose the chance to obtain the cure forever. The responsibility 
of being the originator of a new compound is great. He should be 
ashamed of being the executioner for his invented compounds.

However, in the field of synthesis of natural products with com-
plex structural formulas, based on the development of novel re-
actions, the subject of total synthesis will continue to be a highly 
regarded art.

The author also proposed the absolute evaluation indicators such 
as originality rate (OR), intellectual property factor (IPF), and 
application potential factor (APF) that can compare and evaluate 
the superiority and inferiority beyond history, instead of eval-
uating the results by the number of citations (citation index). 
If you are interested, please refer to our literature [6]. Keeping 
in mind the above claim and to stop the global desertification, 
the synthesis of SOMRE must be an original synthetic method, 
short process, and the yield of each process is good. In addition, 
a large amount of SOMRE should be synthesized at the lowest 
possible cost.

Creation of General Synthetic Method for 1-hydroxyindole [46]
To achieve the claims mentioned in the section 8-1, the author 
came up with the idea of using indole compounds (C, Scheme 
3) and 2,3-dihydroindole compounds (indolines, D), which are 
components of coal tar that are discarded in large quantities in 
the iron industry. Coke, which is necessary to reduce iron ore 
to produce iron metal, is produced by heating coal. During this 
process, coal tar is produced as a coke by-product. Therefore, C 
and D are ideal inexpensive raw materials.

Using them as starting materials, if it is possible to develop new 
uses as “a Medicine for the Earth” that will increase food pro-
duction, save world hunger, and restore the green Earth, it will 
open the way for effective utilization of coal resources.

In order to test the 1-hydroxyindole hypothesis we must create 
a method to synthesize 1-hydroxyindoles (E, Scheme 3), which 
has an unprecedented structural formula as a natural product [7, 
47]. 

After much effort, we succeeded in discovering the general syn-
thetic method for imaginary 1-hydroxyindole compounds from 
indole (4) as shown in Scheme 4. [47] The first step is the reduc-
tion of indole with an appropriate reagent (Et3SiH or NaBH3CN) 
to 2,3-dihydroindole (indoline, 3). In the second step, 3 was ox-
idized with 30% hydrogen peroxide or urea hydrogen peroxide 
addition compound in the presence of such catalyst as sodium 
tungstate (Na2WO4·2H2O) or 2Na2O·P2O5·12WO4·18H2O, 
to give a quite unstable 1-hydroxyindole (5). Subsequent meth-
ylation successfully afforded stable 1-methoxyindole (6). So, 
anyone can apply this two-step method to any indole or bioac-
tive indole compounds to create the corresponding unprecedent-
ed 1-hydroxy- and 1-methoxyindole derivatives. The group of 
1-hydroxyindole compounds is a treasure trove of new biologi-
cally active compounds.

Scheme 3: General Synthetic Method for 1-hydroxyindole
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Synthesis of SOMRE Family Compounds [13]
1.	 Hydroxyindoles (E) has an acidic hydroxy group. Therefore 

1-hydroxy group can easily be methylated with CH2N2 
or dimethyl sulfate/K2CO3 to give 1-methoxyindole (6). 
Either by transforming the 1-hydroxy group to 1-methox-
ygroup or introduction of electron withdrawing group at the 

3-position, the stability of the resulted compounds is highly 
elevated. Based on this stability, few derivatives had been 
isolated as natural product. Starting from 4, we succeeded 
in creating SOMRE #1 (12) by the two routes shown in 
Scheme 4 [13].

Scheme 4: Synthesis of SOMRE #1

Figure 5: SOMRE Family Compounds

The first step is the Vilsmeier reaction of 6 to produce 91% yield 
of 1-methoxyindole-3-calbaldehyde (7), which is a phytoalexin 
of radish [48] and it has insecticidal and bactericidal action. De-
methylation of 7 with DABCO afforded 1-hydroxyindole-3-car-
baldehyde (8) in a quantitative yield. Treatment of 8 with POBr3 
produced SOMRE #1 (12) in 33% yield. In the second route, 6 
was converted to 9 in 59% yield by the reaction with NBS. The 
following zinc treatment produced 1-methoxy-2-oxindole (10) 
in 91% yield. Subsequent reduction with Pd/C with hydrogen 
produced 2-oxindole (11) in 95% yield. 11 was then led to 12 
in 77% yield by the reaction with POBr3. Each step mentioned 
above proceeded in good yield. Using compound 12 as a start-
ing material, we were able to synthesize a variety of 2-substitut-

ed indole-3-carbaldehydes and related compounds, 12—51, by 
combining Heck, Still, and other known reactions [13]. Among 
the 40 compounds shown in Figure 5, each had exhibited its own 
pharmacological effects in plant growth tests, including stem 
lengthening or shortening and root growth promotion or inhi-
bition. So, these group compounds were named as the SOMRE 
family and assigned SOMRE numbers to each member. For ex-
ample, the compound 27 is SOMRE #16 and the compound 25 
is SOMRE #14.

About SOMRE #1 (12)
Depending on the type of plant, the compound having the stron-
gest effect of elongating and promoting roots and stems may be 
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a different substance among the 40 SOMRE compounds. Among 
them, SOMRE #1 (12) has the simplest structure, is easy to syn-
thesize, and is economical. As expected, it exhibits the effect of 
promoting root and stem elongation in all plants examined so 
far. We understand; therefore, it is wise to continue the study 
with 12 as the optimal candidate for the ‘Medicine of the Earth’. 
In this review, we would like to summarize and report our re-
search results on 12.

Safety of SOMRE #1[12,13]
1.	 SOMRE #1 is used at concentration range from 1.0 to 

0.001 ppm, and even from 1.0 ppb to 0.001 ppb. Therefore, 
safety was examined at the highest concentration used, i.e., 
1.0 ppm aqueous solution.

2.	 Regarding fish safety: ‘medaka’, a species of Japanese 
fish, which is known to be sensitive to toxic substances, 
was employed. A plurality of medaka fish were grown in 
an aqueous solution of SOMRE #1 (1.0 ppm). Even after 2 
years and 5 months, they are growing steadily. Comparing 
to the beginning, their physical conditions are longer and 
their waists are thicker [40]. There is no bad effect on the 
growth of ‘medaka’. As a result, the safety was judged to be 
extremely high.

3.	 Animal (rabbits and rats) safety: seeds treated in SOMRE 
#1 (1.0 ppm) aqueous solution have grown plants and are 
helping to green the Gobi Desert in China. At the time of 
germination, young seedlings, stems, and roots, were good 
food for wild rabbits and mice. Grown plants from seeds 
suffered from their ingestion damage, and the survival rate 
dropped to 87.6%. However, it was far better results than 
the highest survival rate (78.3%) conducted under Chinese 
method by their expert’s experiments [14]. Under the condi-
tions, no dead rabbits or rats were found around. Therefore, 
the safety was judged to be extremely high.

4.	 Regarding animal (goat) safety: in the Gobi Desert, SOM-
RE #1 (1.0 ppm) was mixed in food and fed to cashmere 
goats for total four years. The goats grew up healthy and 
produced more cashmere wool than usual. In addition, the 
reproductive effect was enhanced and many healthy off-
springs were produced. As a result, the safety was judged to 
be extremely high.

5.	 Ame's test: negative. No mutagenicity.

6.	 Safety for humans
•	 Skin: in the Gobi Desert greening project, volunteer 15 men 

and women carried out the task of soaking the seeds in the 
SOMRE #1 water solution for 4 hours. Both hands were 
kept immersed in the SOMRE #1 (1.0 ppm) aqueous solu-
tion during this operation. Since there was no extra water 
in the desert, we went home without washing our hands, 
and resumed our normal life. One month later, none of the 
workers felt any abnormality in their skin.

•	 Body: in the Gobi desert afforestation project, working in 
the sand dunes makes us thirsty, and we needed drinking 
water. We didn’t carry extra water with us except for SOM-
RE #1 (1.0 ppm) aqueous solution, so we had to drank 500 
mL of SOMRE #1 solution on hand for 3 days, but there 
was no change in our physical conditions. At home, we 
drank 100 mL of SOMRE #1 solution every day for 1 year, 
but we did not feel any troubles and bad physical effect. 
Based on these results, the toxicity to humans is considered 
to be extremely low.

Plant Food Production with SOMRE #1
General Procedure for Using SOMRE #1 [6, 13]
Four types of SOMRE aqueous solutions with different concen-
trations and dechlorinated water for the control were prepared. 
Thus, boiled and dechlorinated tap water was used as a control. 
The SOMRE #1 (12) crystals were dissolved to make an aque-
ous solution with a concentration of 1.0 ppm. Then, dilute 10-
fold, 100-fold, and 1,000-fold to make SOMRE aqueous solu-
tions with concentrations of 0.1, 0.01, and 0.001 ppm. These five 
types of solutions were prepared as one set [6, 13].

On the other hand, five different containers of the same volume 
are prepared. A plant to be studied is selected, and its seeds or 
root parts of seedlings are put into five kinds of containers in 
equal numbers. Each of the 5 kinds of solutions prepared in each 
container is added in such an amount that the seed or root part 
of seedling is immersed as shown in Figure 6 (only 4 containers 
are shown). Usually after soaking for 1 h, the seeds or seedlings 
are taken out and sown or planted in the field while the seeds or 
roots are still wet. After that, just grow normally without using 
fertilizers, fungicides, or insecticides [6, 13].

Figure 6: How to Immerse Seeds in SOMRE Solution
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The duration of soaking in the SOMRE aqueous solution varies 
depending on the hardness of the seed husk. Cruciferous seeds 
cannot be soaked because their shells are thin and when they get 
wet, the shells peel off and the seeds break. For that reason, after 
sowing the seeds in the furrows, each seed is thoroughly sprayed 
with each solution using a sprayer. After an hour, sprinkle soil 
and water as usual. In such cases of acorns and jatropha whose 
seed coat is wrapped in a hard shell; it is better to soak them in 
each solution for 3 to 7 days. [6, 13].

If we can increase the yield of vegetables whose roots are edible, 
such as taro, sweet potato, potato, and cassava, we will be able 
to solve the global food shortage. If the roots and stems become 
strong, the yield of grains such as rice, wheat, Amaranthus, mil-
let, and soybeans can be expected to increase, and Japan's food 
self–sufficiency rate could be increased. If the yields of sugar 
cane and corn increase, it will be possible to secure food and 
fodder, and supply the remainder for bioethanol.

Such ‘dream’ expands further. Increased yields of herbal medi-
cines and herbs would be possible. It can also be applied to slope 
planting, growing windbreak forests and sand protection forests. 
Strengthen the roots of broadleaf trees to revitalize the forest, 

and extend the roots of conifers such as cedar and cypress. If so, 
it will be possible to prevent disasters such as fallen trees and 
landslides in cedar forests, apply it to grow windbreak forests 
and sand protection forests.

Applications for increasing fruit yield, lawn cultivation, gar-
dening, landscaping, increasing seed production, improving the 
germination rate of seeds, improving the production rate of seed-
lings, increasing the success rate of garden plants and cuttings, 
etc. are also conceivable.

We think that it can also be used to produce fragrances and 
perfume oils. Production of biodiesel oil by increasing the pro-
duction of sesame, soybean, and jatropha cultivation would be 
possible. 

Detailed Application to Edible Plants
The Monocotyledonous and Dicotyledonous Plant [13]
The SOMRE group of compounds are usually effective at 1.0—
0.001 ppm. As shown in Table 2 at a concentration of 3 ppm, 
SOMRE #1 elongated the roots of the monocotyledonous rice 
plant to about 1.7 times (168%, 79.5 mm) the length of the con-
trol 46.8 mm (100 %).

Table 2: Average Root Length of Rice and Cucumber

In addition, SOMRE #14 at a concentration of 3 ppm elongat-
ed the roots of cucumber, a dicotyledonous plant, about twice 
(190%, 22.9 mm) as much as the control (12.1 mm, 100%). Fur-
thermore, we tested plants such as daikon radish (Brassicaceae), 
eggplant (Solanaceae), lisianthus (Gentianaceae), onion (Lili-
aceae), buckwheat (Polygonaceae), burdock (Asteraceae), and 
carrot (Apiaceae). As expected, SOMRE exerted a remarkable 
elongation effect on each root.

Tomato [13]
Tomato seeds were grown in a field according to the general 
procedure. Figure 7 is a photo of tomatoes in the early stages 
of growth. Right side three plants are grown from seeds treated 
with 1.0 ppm concentration of SOMRE #1 solution, and left side 
three plants are control. As is clear from these photos, SOMRE 
treated plants grew higher and thicker than the control. At the 
harvest time, Table 3 shows average height and girth of tomato 
plant. The girths of each root at the part [x cm] deep below the 
ground surface are shown.

Figure 7: Growing tomato plant                                                           Figure 8: Harvested tomatoes
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Table 3: Average Height, Girth of Tomato Plant

Table 4: Crop of Tomato (solanaceae) Per One Stem

The number of fruits, and weight of fruit at the harvest time are 
summarized in Table 4, respectively. The average number of to-
matoes per tomato stick was 10.6 in the control and 20.0 in the 
SOMRE 1.0 ppm treatment as shown in Table 4. Figure 8 is the 
crop of tomato, where the left eight tomatoes are control, while 
the right eight ones are SOMRE treated. The average weight of 

one ripe tomato was 114 g for control and 125 g for that of SOM-
RE treatment. When the total tomato yield of the control was 
taken as 100%, SOMRE treatment increased the corresponding 
yield by 188%. People say the tomato taste was sweeter and 
more delicious than the control.

Figure 9: Tomato Root Length Comparison

Next year to clarify the reason, tomato seeds were treated with 
SOMRE 0.1 ppm solution. The SOMRE treated roots near the 
surface of the ground are highly stretched and dense, and SOM-
RE treated roots were three times as long (207 cm) as the control 
roots, which grew only 69 cm long (Figure 9). Consequently, the 
dense and long roots can absorb a lot of nutrients and minerals 
from the ground, and the tomato yield increased 2.1 times. As 
for the taste, not only was it sweeter, but it was remarkably deli-
cious as compared with the control. People, who said they hated 
tomatoes, were happy to eat them.

It was clear that this was the result of the growth of healthy roots 
and increased absorption of nutrients and minerals from the 
ground. Furthermore, we noticed in the control seeds, the growth 
of the root length and stems varied from individual to individual.

On the other hand, the SOMRE-treated seeds grew almost the 
same longer length. This suggests the possibility that rooting 
instructions by SOMRE, that is activation of genes controlling 
growth, occur almost simultaneously inside seeds. The SOMRE 
group of compounds would serve as a clue to develop a new 
academic field on plant growth.
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Tamba Black Soybeans
In Japan, soybeans are an important source of protein as foods 
such as miso, soy sauce, natto, and tofu. Prepare 5 petri dishes 
and put 5 Tamba black soybean seeds in each petri dish. Water 
(control) and aqueous solutions of SOMRE 1.0, 0.1, 0.01 and 
0.001 ppm were added in an amount sufficient to soak the seeds, 
and left at a temperature of 15.0 — 19.5 °C from April 19 to 
April 22. Fig. 10 shows the state of rooting, and Table 5 shows 
the results of measurement of root length.

The experiment was repeated three times and similar results 
were obtained with good reproducibility. So, we found that the 
necessary treatment to increase the yield of tamba black soy-
beans was to soak the seeds in a 0.1 ppm SOMRE aqueous solu-
tion. Indeed, by soaking the seeds in a 0.1 ppm SOMRE aqueous 
solution for 1 hour before sowing, we were able to obtain an 
expected yield increase (140%).

Figure 10: Germination, Tamba Black Soybeans

Table 5: Root length of Tamba Black

Edamame Soybeans
What happens in the edamame soybeans? A seed rooting test 
was performed according to the general procedure of 9-1. Fif-
teen seeds were used and the elongated root length was mea-
sured (Table 6). At SOMRE concentrations of 0.01 and 0.001 
ppm, the rooting rate was inferior to that of the control by 10— 
20%, but at 1.0 and 0.1 ppm, it was 100%. Taking the total root 
length of the control (417 cm) as 100%, it was 495 cm (119%) in 
the case of SOMRE 1.0.

It was found that the SOMRE 1.0 ppm aqueous solution is suit-
able for the purpose of increasing the yield, unlike the case of 
Tamba black soybeans. Consequently, as shown in Table 7, the 
total number of peas was 100 (162%) higher than that of the 
control 61.6 (100%). Even for the similar beans it was found that 
the optimal SOMRE concentration for increasing yields chang-
es when cultivar changes. Through these basic researches, we 
discovered that (1) there is a specific SOMRE compound that is 
most compatible with each plant, even if it is a plant belonging 



 

www.mkscienceset.com Wor Jour of Molecu Medicine 2025Page No: 14

to the same family, depending on the type of variety, and (2) making roots and stems thicker and longer. It turns out that there is an 
appropriate concentration for each.

Table 6: Root length of Edamame Soybeans   

Table 7: Crop of Edamame Soybeans Per One Stem

Turnip (‘hakurei’)
Using water and SOMRE 1.0 ppm aqueous solution, two sets of 10 turnip seeds were made on April 3, and treated according to the 
general procedure of 9–1, and then planted in the field. After cultivating, it was harvested on May 22 (Figure 11).

Figure 11: Harvested Turnips
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Table 8: Leaf and root (bulb) Weight of Turnip

The respective total leaf and root (bulb) weight were measured 
(Table 8). The total control weight was 190 g and the total root 
(bulb) weight was 136.5 g. Assuming each to be 100%, when 
SOMRE 1.0 ppm was used, the total weight was 263.4 g and the 
total weight of roots was 192.5 g, increasing yields by 139% and 
141%, respectively. Not only is the bulb large, but when people 
eat them, they say they are sweeter and have deep taste, which 
are really delicious.

We found that fruits grown in SOMRE result in delicious across 
the board. Later, when increasing the yield of rice (paddy rice) 
in India, the sugar content was measured. It was found that the 
use of SOMRE resulted in higher sugar content and improved 
quality than the control.

Garlic
We purchased white 6–sided garlic cloves (from Aomori), sepa-
rated them into individual pieces on October 11, 2016, and then 

added four pieces each to container with water (control) and 
SOMRE concentrations of 1.0, 0.1, 0.01, and 0.001 ppm aque-
ous solutions. The base portion of each piece was left to soak. 
The roots were growing smoothly, and on October 17, splendid 
rooting was observed. The rooting rate was 75% for the control 
and 75, 75, 75 and100% for 1.0, 0.1, 0.01 and 0.001 ppm, re-
spectively.

After taking photos, the plants were transplanted to the field, and 
the SOMRE 1.0 and 0.001 ppm treated groups grew better than 
the control as shown in Figure 12. Harvested on June 2, 2017, 
as the stem part withered. The weight of the combined root and 
stem parts and the weight of the cut bulb parts were measured 
(Table 8 Figure 13). The total weight of the control garlic bulb 
was 137.9 g. Taking this as 100%, SOMRE 1.0, 0.1, 0.01 and 
0.001 ppm were 154.9 g (112%), 99.5 g (72%), 118 g (86%) and 
167.6 g (122%) respectively.

Figure 12: Growing garlic Figure 13: Harvest of Garlic

Table 9: The Weight of Root and Bulb Part of Garlic
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AFTER taking photos, the plants were transplanted to the field, 
and the SOMRE 1.0 and 0.001 ppm treated groups grew better 
than the control as shown in Figure 12. Harvested on June 2, 
2017, as the stem part withered. The weight of the combined 
root and stem parts and the weight of the cut bulb parts were 
measured (Table 9, Figure 13). The total weight of the control 
garlic bulb was 137.9 g. Taking this as 100%, SOMRE 1.0, 0.1, 
0.01 and 0.001 ppm were 154.9 g (112%), 99.5 g (72%), 117.5 g 
(85%) and 167.6 g (122%) respectively. As a result, garlic pro-
duction could be increased by 122% by treating garlic piece with 
0.001 ppm SOMRE aqueous solution.

Sweet Potato [14]
From the viewpoint of increasing food production, we exam-
ined the sweet potato, which saved the Kyoho famine in Jap-
anese history. Sweet potato ‘Beniaka’ vines were immersed 
in SOMRE 1.0 ppm solution for 1 h, and planted in a field. 
Half a year later, they are harvested. The SOMRE treatment 
increased weight yield by 250% compared to the control, as 
shown in Figure 14. In the case of ‘Silk sweet’, the control 
yielded 2,088 g, while the SOMRE 1.0 ppm yielded 3,660 g, 
increase of 175%.

Figure 14: Harvest of Sweet Potatoes

Potato
Potato had saved the Irish famine in history. Potatoes are stems 
rather than roots, but SOMRE has a yield–increasing effect re-
gardless of roots or stems. The results of ‘Kitaakari’ were shown 
in Figure 15 and Table 10. The Figure and Table show the weight 
distribution map of each harvested potatoes in a bar graph. The 
horizontal axis divides the weight of one piece into 25g inter-
vals. The vertical axis is the total weight of potatoes present in 
each segment. The gray bar graph is the control result and the 
reddish–brown bar graph is the result of 0.1 ppm SOMRE. The 
rightmost segment shows that there are 4 potatoes weighing 

325g to 350g less and the total weight is 659 g. From this graph, 
it can be seen that the weight distribution of individual potato 
changes from left to right, i.e., from small to large, when the 
SOMRE concentration is increased from 0.001 to 0.1 ppm. The 
total yield was 1,891 g (100%) for the control and 3,101 g for 
SOMRE 0.1 ppm, an increase of 164%.

For ‘Andes Red’, similar results were obtained. Comparing the 
total yield, the control yielded 1,400 g, while the use of 0.1 ppm 
SOMRE yielded 2,575 g, which was 184% higher than that of 
the control, an increase of about two times.

Table 10: Results of ‘Kitaakari’

Figure 15: Weight distribution of potatoes, ‘Kitaakari’
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‘Awakening of the Incas’ resulted 140% increase in yield com-
pared to the control when SOMRE 0.1 ppm was used. The result 
of ‘Danshaku’ is shown in Figure 16 and 17. The largest control 
potato, purchased from green grocery has weight 113 g, and ma-

jor and minor diameter are 7.5 and 6.5 cm, respectively. While 
0.1 ppm SOMRE treated potatoes are almost the same, having 
weight 510 g, major and minor diameters are 13 and 11 cm, re-
spectively.

Figure 16: Control potato, ‘Danshaku’,
	

Figure 17: SOMRE 0.1 ppm treated Potato, purchased from 
grocery ‘Danshaku’

In the case of potatoes, as a result of investigations with many cultivars such as ‘Kitaakari’, ‘Andes red’, ‘Awakening of the Incas’, 
and ‘Danshaku’, it was found that using 0.1 ppm of SOMRE gave the maximum yield.

Taro

Figure 18: Weight distribution of Taro

Table 11: Results of Taro

Figure 18 and Table 11 are the results of taro. At 0.1 ppm SOM-
RE, the size of the above-ground part, the number of taros in the 
underground part, and the weight were the largest. Figure 18 is 
the weight distribution map and Table 11 is the weight distribu-
tion of individual potatoes.

Kohlrabi
Next, we examined kohlrabi, a vegetable that is related to cab-
bage and broccoli. In November, 5 groups of 6 seeds each were 

immersed in water (control), 1.0, 0.1, 0.01, and 0.001 ppm 
SOMRE solution. Each group had a good germination rate and 
grew well. Figure 19 is a photo of the leaves and bulbs. Figure 
20 shows the state in which the leaf part and the bulb part are 
separated. Based on these results, the weights of the six kohlrabi 
bulbs in each group are summarized in the Table 12. For the 
control, the total weight was 710.4g. The results for SOMRE 
0.001, 0.01, 0.1, and 1.0 ppm treatments were 1,015.4 g, 1,062.4 
g, 1,127.5 g, and 1,775.8 g, respectively. Given that the control 
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yield is 100%, the yields for the SOMRE treatments are 143%, 150%, 159%, and 250%. With the SOMRE 1.0 ppm treatment gave 
the highest yield.

Figure 19: Leaves and bulbs of kohlrabi Figure 20: Separeted leaves, bulbs of kohlrabi

Table 12: Results of kohlrabi

Upland Rice
How about upland rice which is one of the staple foods in Japan. 
Seeds of Upland Rice ‘Norin #1’ (‘Mochiokabo’) were divided 
into groups of 29 grains each, and the seedlings were grown by 
immersing them separately in a water, SOMRE 1.0, 0.1, 0.01, 
and 0.001 ppm solutions for one day and night. A group of 29 
grown seedlings was planted in groups as shown in Figure 21. 
Figure 22 shows how each of them is growing. Figure 23 is a 
photo at the time of harvest. The rice ears of each group are 
shown in Figure 24. The left end is the control group. SOMRE 
0.001, 0.01, 0.1, 1.0 ppm treated groups were placed sequen-
tially on the right side. Figure 25 is a photo taken by spreading 
the ears of rice one by one to see how the rice is attached. From 
these photographs, it can be seen that compared with the control, 
SOMRE treatment increases yield regardless of concentration.

Figure 26 is a comparison photo of the amount of paddy actually 
harvested. Figure 27 is a photo comparing the amount of brown 
rice obtained after threshing. From these experiments, we con-
firmed that SOMRE treatment increases yield regardless of its 
concentration.

The results are summarized in Table 13. The total weight of 
paddy and brown rice after threshing in the control was 57.1 g 
and 42.5 g, respectively. When the amount of brown rice in the 
control was 100%, those of 0.1 and 1.0 ppm were the respec-
tive yields of 375% and 238%, showing a significant increase in 
yield. In order to clear the cause of this yield–increasing effect, 
we investigated the number of branches, that is the number of 
tillers, and found that the control had 79 branches, while 0.001 
ppm had 91 branches, and 0.01, 0.1, and 1.0 ppm had 111, 143, 
and 162 branches, respectively.

SOMRE has a tillering action [12] as well as a rooting and elon-
gation action for branched roots, and promotes the thickening 
and growth of the roots of the branches. It was found that the 
growth was moderately controlled and the size of flowers and 
fruits also increased, and the yield increased. This result is the 
reason behind the increase in rice production in India, which will 
be discussed later.
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Figure 21: Seedlings were planted Figure 22: Growing state Figure 23: Harvest

Figure 24: Rice ears of each group Figure 25: Spreading each ear Figure 26: Amount of harvested paddy

Figure 27: Brown rice after threshing

Table 13: Weight of Rice, Comparing the Amount of Brown Rice Obtained After Threshing

Wheat
Is it possible to increase yields for wheat, one of the staple foods? 
Rooting test was carried out from October 20th to December 1st 
using 20 seeds of wheat obtained from Matsudo City Hall. The 
rooting rate was 80% in the control, whereas SOMRE improved 
to 95% regardless of concentration. An intermediate course of 
the growth was observed and visually the SOMRE–treated bar-
ley showed better growth and stiffer berries than the control.

They grew well as expected and we were looking forward to the 
harvest. One morning, a large number of sparrows gathered in 
the normally quiet field, making a lot of noise. We didn't pay at-
tention to anything. But in the afternoon, we were shocked when 
we saw the field to see how the wheat was growing. The wheat 
just before the harvest had been eaten across the board.
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We chased away the sparrows and collected the remaining wheat berries, but sadly we were unable to compare the yields. It was for-
tunate to confirm that the grain size of the wheat was clearly larger by the SOMRE treatment than the control as shown in Figure 28.

Figure 28: Grain Size of the Wheat

Corn
A rooting test of corn (‘pure white’) was carried out according 
to the general procedure of 9–1. All concentrations of SOMRE 
resulted in longer roots than the control. SOMRE 0.01 and 0.001 
ppm concentrations were the longest (Figure 29). The relation-
ship between corn variety and harvest depending on SOMRE 

concentration is shown in Table 14. When ‘pure white’, ‘gold 
rush’, and ‘honey bantam’ seeds were treated with SOMRE at 
concentrations of 1.0 ppb, 0.1 ppm, and 0.001 ppm, the yields 
were 2 times, 1.5 times, and 2 times higher than the control, 
respectively.

Figure 29: Rooting test of corn (‘pure white’) 

Table 14: Optimal concentration for corn

To our surprise, as a new discovery, we found that even lower 
concentrations of SOMRE, 0.1 and 0.01 ppb had a good rooting 
rate and long root growth as shown in Table 14. So far, we have 
had no studies conducted at concentrations of less than 0.001 

ppm for other plants. Since a new research question has been 
raised, in the near future, we must reexamine the SOMRE effects 
on the roots/stems of each plant at ppb concentrations.
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Radish (‘Sakurajima’)
According to the general procedure of 9–1, a root growth test 
of common radish ‘Okra’ was carried out. Figure 30 is a photo 

after harvesting. The weight of the harvested control was 2.3 kg 
(100%) while that of the radish treated with 0.1 ppm SOMRE 
increased to 3.1 kg (134%).

Figure 30: Harvest of radish, ‘Okra’ Figure 31: Harvest of radish, ‘Sakurajima’

On the other hand, seeds of radish, ‘Sakurajima,’ a cultivar that 
grows larger than common radishes, were treated with 1.0 ppm 
SOMRE solution. It grew into a larger radish as shown in Fig-
ure 31 with a weight of 7.05 Kg (190%) compared to 3.75 kg 
(100%) of the harvested control. Normally, when vegetables 
grow large, they are no longer edible for humans, and become 
fodder for livestock. This idea was overturned by SOMRE. The 
taste was delicious and filled the bellies of many people.

Herbs
Basil
Herbs have been used for herbal medicines, fragrances, and fla-
vorings of food and drinks since ancient times. From June 19 to 
June 24, rooting tests were performed at 22.5—24.5°C with seeds 
purchased from ‘Daiso Sangyo’. Table 15 summarizes the results 
using 15 seeds each and 5 kinds of solutions of control (water), 
SOMRE aqueous concentration of 1.0, 0.1, 0.01, 0.001 ppm.

Table 15: Results of Basil

The rooting rate in the control was 73%, which was not much 
different from the case of using each SOMRE solution, but it 
was high in the SOMRE aqueous concentrations of 1.0 and 
0.001 ppm, 80% and 100%, respectively, as shown in Table 15. 

Further comparing the root length, when the total root length of 
the control (242 cm) was taken as 100%, it was 288 and 358 cm 
at SOMRE concentrations of 1.0 and 0.001 ppm, respectively, 
which were 119% and 148%. Reflecting this result, even after 
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transplanting to the field, the subsequent growth was smooth, 
and a high harvest of basil was obtained.

Coriander
Cilantro seeds were purchased from Tohoku Co., Ltd. Rooting 
test at 26.0—33.0°C from August 14th to August 23rd, were car-
ried out with 15 seeds each and using control (water), 4 types of 
SOMRE solutions of concentrations of 1.0, 0.1, 0.01 and 0.001 
ppm. The results were shown in Table 16.

Rooting rate of cilantro seeds were low, only 13% in control. 
The use of each SOMRE solution improved them. It was higher 
at SOMRE aqueous solution concentrations of 1.0 and 0.01 ppm, 
and the rooting rate was 47% and 27%, respectively. Comparing 
the root lengths, when the total root length of the control (98 cm) 
was taken as 100%, those at SOMRE concentrations of 1.0 and 
0.01 ppm were 451 cm (460%) and 219 cm (223%), respective-
ly. By employing SOMRE solution, when it was transplanted to 
the field, it grew well after that, and we achieved a higher harvest 
of coriander than the control.

Table 16 Results of Coriander

Application to Herbal Medicine 10-2-1. Licorice
Licorice has been used as a medicine in the East and the West 
since prehistoric times. In Chinese herbal medicine, it is added 
as an ingredient in about 70% of them.

It is popular medicine such as ‘Shakuyakukanzoto’, ‘Yokukan-
san’, ‘Kakkonto’, ‘Saireito’, ‘Hochuekkito’, ‘Ninjinyoeito’, and 
‘Shoseiryuto’, and they are known for their antitussive, expecto-
rant, stomachic, anti-inflammatory, antispasmodic, and analge-
sic effects. The medicinal ingredient is glycyrrhizic acid, which 

is said to be 150 to 200 times sweeter than sugar. It is useful as a 
sweetener, cosmetics, and medicine, and its demand is increas-
ing all over the world. The roots, which are used for medicinal 
purposes, grow deep underground and take several years to grow 
and be harvested. Because the plant digs deep underground, 
there are concerns about environmental destruction, and there 
are concerns that resources will be depleted due to overhunting, 
and the world is eagerly awaiting the development of an effec-
tive cultivation method.

Figure: 32 Seeds, Shaved off Outer Hard Shells    Figure: 33 The results of the Average Rooting Rate
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Figure: 34 Average length of grown roots       Figure: 35 Immersing roots to SOMRE Solution

Figure: 36 Digging the Ditch for Planting Figure: 37 Harvest of Licorice Figure: 38 Results, Control, and SOMRE 
Treated Roots

Given the above background, it became an easy target for SOM-
RE's deployment. First, we examined the problem of seed ger-
mination. The outer shells of the 20 hard–shelled seeds in each 
group were partially shaved off with a cutter to allow SOMRE 
solution to penetrate (Figure 32). Then, they were immersed in 
water (control) and SOMRE solutions with concentrations of 
1.0, 0.1, 0.01, and 0.001 ppm at 27.5°C to 33°C for 1 h. There-
after, they were sown in “verdenite soil” and the growth was 
observed from September 6th to 13rd. Figure 33 summarizes the 
results of the average rooting rate, and Figure 34 summarizes the 
results of the average length of grown roots.

The rooting rate for the control was 80%, whereas it was 100% 
for SOMRE 1.0 and 0.001 ppm concentrations, respectively. 
The average root length of the control was 100 mm, while at 
SOMRE 1.0 and 0.001 ppm concentrations it was 140 and 120 
mm, respectively. In this way, SOMRE was found to be useful 
for efficiently producing licorice seedlings from seeds.

Figure 35 shows immersing roots of licorice seedlings into 
SOMRE aqueous 1.0 ppm solution. After digging ditch in the 

semi-fixed sand dunes, seedlings were planted. After one year, 
we harvested the test licorices and observed their growth as 
shown in Figure 37. Figure 38 is Figure 38 is an enlarged view 
of Figure 37. The average diameter of the control seedlings was 
0.8 mm, whereas that of the SOMRE-treated seedlings were 1.2 
cm, as shown in Figure 38. SOMRE treatment is sure to increase 
licorice yields.

Ginseng
Cultivation of ginseng, a traditional Chinese herbal medicine, is 
generally considered difficult to grow. Although it is highly pop-
ular and in high demand among middle–aged and older people 
who are health conscious. If the yield increases, it will be useful 
for social contribution.

Since improvement of the rooting rate is required for growth, we 
decided to examine the effect of SOMRE #1. The seeds were ob-
tained from China with the help of Dr. Shuichi Takahashi. From 
December 2014 to January 2015, a rooting test was carried out 
for 21 days at a temperature of 9–16.0°C using 10 seeds each as 
shown in Figures 39 and 40.
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Figure: 39 Rooting test of ginseng Figure: 40 Growing ginseng

The rooting rate of the control was as low as 40%. While with 
the use of SOMRE solution, although the values fluctuated de-
pending on the concentration, they increased, reaching 90% and 
80% at SOMRE solution concentrations of 1.0 and 0.001 ppm, 
respectively. Furthermore, when the root length was compared, 
when the control total root length (42 cm) was taken as 100%, 
the SOMRE concentrations of 1.0 and 0.001 ppm were 108 
(257%) and 108 cm (257%), respectively (Table 17).

Based on the above results, even in the case of seeds such 
as ginseng that are expensive and usually have a low germi-
nation rate, the SOMRE aqueous solution can improve the 
rooting rate and make the roots grow longer and stronger. We 
believe SOMRE is the best of choice for increasing ginseng 
production.

Maca
Maca is a cruciferous plant native to the Andes Mountains, and 
is rich in nutrients. It has been passed down as a ‘food of life’ to 
people living in the Andes Mountains. It is said to have been a 
food for the privileged class. In modern times, the NASA of the 
United States adopted it as food for astronauts, and it sudden-
ly became popular worldwide. It is highly popular and in high 
demand among middle–aged and older people who are health 
conscious. If we can increase maca production, we can make a 
big contribution to society.

We decided to examine the effect of SOMRE #1. The seeds were 
obtained from Seed company ‘Premo’. A rooting test was carried 

out for one week at a temperature of 18.0–21.0°C using 5 seeds 
each as shown in Table 18. When the root length was compared, 
when the control total root length (55 cm) was taken as 100%, 
the SOMRE concentrations of 0.001 and 0.01 ppm were 64 
(116%) and 73 cm (133%), respectively (Table 18). After trans-
planting these seedlings to planter, they grew steadily (Figure 
41). However, unfortunately, a stray cat used the planter as a 
litter box, and spilled almost all soil from the planter, and the 
Maca died. Before the happening occurred, we have found that 
SOMRE is beneficial for the growth of maca. So, we hope that 
the use of a 0.001 ppm SOMRE solution will lead to increased 
maca production.

Table: 17 Results of Ginseng
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Figure: 41 Growing Maca

Table:  18 Results of Maca

Jatropha
We next examined jatropha, a non-edible plant that grows even 
in poor soil. If the shortcoming of low rooting rate can be im-
proved, the oil collected from the fruit will be useful as a bio-
diesel fuel.

Figures 42 and 43 show the results of the rooting test conducted 
from June 14 to 18 using 5 seeds for each of the 2 cultivars, 
‘Indonesia 12’ and ‘Brazil 1’, using water and an aqueous solu-
tion of SOMRE. In ‘Indonesia 12’ the control showed a rooting 
rate of 62%, while the SOMRE 1.0 and 0.1 ppm solutions had 
superior rooting rates of 87% and 100%, respectively (Figure 
42). ‘Brazil 1’ had a particularly low rooting rate, only 25% in 

the control (Figure 43). On the other hand, when SOMRE 1.0 
ppm solution was used, a good germination rate of 87% was 
achieved.

Figure 44 shows the growth of the rooted seedlings of the two 
varieties in the planter on the 13 days after they were transferred 
to the planter. They are growing well and, 21 days after they are 
transferred to the garden (Figure 45). After 88 days, it grew to 
the height of the author's waist (Figure 46) and flower buds be-
gan to grow from the tips (Figure 47). In Japan we have a winter 
season. And in January it snowed and the tree withered (Figures 
48, 49). We got the impression that a good harvest would be 
fully expected in tropical and subtropical regions such as Africa.

Figure:  42 Rooting tests of Indonesia 12 Figure:  43 Rooting tests of Brazil 1
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Figure: 48 Snow fell on the plants Figure: 49 Withered Plants

Figure: 46 Height of the Growing Plant Figure: 47 Flower Bud

Figure:  44 Growth of the Rooted Seedling Figure: 45 Growing in the Garden

Mushrooms and Bacteria 10-4-1. Fungi and Mushrooms
Could SOMRE help grow mushroom fungi? At the beginning 
of July, a cloud ear cultivation block was purchased from Mori 
Sangyo Co., Ltd., and cultivation was attempted by spraying 
water as a control and a 1.0 ppm aqueous solution as SOMRE 
#1 according to the cultivation guidelines. In about 10 days, the 
primordia of the fungus grew little by little, and eventually grew 
larger day by day. As compared to the control, the fungus grows 

larger due to the action of the SOMRE (Figure 50: shot from the 
side. Figure 51: shot from the above).

We found that SOMRE exerts an effect on the growth of Au-
ricularia fungus. As a future goal, we hope that promoting the 
growth of other fungi, such as actinomycetes, which are used 
in the production of antibiotics, could contribute to the cheap 
production of medicines.
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Figure: 50 Growth of Fungus, Shot from the Side Figure: 51 Growth of Fungus, Shot from the Above

Effect on Plant Pathogens
In a ‘bok choy’ growing experiment, the leaves of the control 
group were attacked by insects and bacteria and had holes in 
the leaves, whereas the leaves of the SOMRE–treated group re-

mained beautiful as shown in Figure 52. [14] At first, we con-
sidered that this phenomenon is due to SOMRE functioning as a 
bactericide and insecticide. Just in case, Prof. Suzuki (2007) ex-
amined the action of SOMRE #1 on a few plant pathogens [12]. 

Figure: 52 Leaves of growing ‘Bok Choy’

As a result, even if SOMRE aqueous solution with a high con-
centration of 1,000 ppm was used, it did not show any effect 
against gray mold, rice blast, cruciferous plant soft rot, brown 
streak of rice, and leaf blight of rice. Antibacterial tests against 
Bacillus subtilis (NBRC 3134) and Escherichia coli (NBRC 
14237) showed no effect at all. On the other hand, rice sheath 
blight had a weak inhibitory effect, and seedling take–off fungus 
had an inhibitory effect. Based on these results, we confirmed 
that SOMRE at a concentration of 1.0 ppm or less had no anti-
bacterial or bactericidal action.

It is surmised again that the effect seen in ‘bok choy’ is the re-
sult of an increase in the amount of phytoalexin produced by the 
plant itself, which has thick roots and has grown healthily.

Development of the SOMRE #1 kit 11–1. SOMRE #1 Kit
When SOMRE #1 is actually applied to agriculture, it is often 
difficult to decide which concentration of SOMRE solution 
should be used for which crops.

Figure: 53 SOMRE #1 Kit
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If we grow crops one by one in the field and see the results, we 
will miss the planting time. As a simple method to overcome 
this problem, we developed a SOMRE Kit that allows to find the 
appropriate SOMRE concentration in just one week (Figure 53).

How to use the SOMRE #1 kit
A set of 5 types of liquid (water, 1.0, 0.1, 0.01 and 0.001 ppm 
SOMRE solutions) and a lidded container having five transpar-
ent compartments for observing rooting was prepared. The set is 
lightweight and can be carried anywhere. Three to five seeds, de-
pending on their size of the plant under consideration, are placed 
in each chamber according to the accompanying instructions.

Then, add the same amount of each of the 5 types of liquid so 
that the seeds are soaked, and cover with a lid. All we have to 
do is the simple steps stated above and leave it for one week. 
Results are usually seen within a week.

Then fill in the necessary items such as the start date and time, 
temperature in the attached table. One can observe the progress 

of rooting. The rooting state of the seeds can be observed every 
day, and when the rooting is remarkable, the root length is mea-
sured after 4 or 5 days and recorded in the table. Good results 
can be obtained by soaking the seeds in a concentration of SOM-
RE solution that gives the longest roots of the selected plant, and 
then start farming process.

Examples
Examples of root growth of okra, corn, and burdock are shown 
below.

Okra
Figure 54 shows the state of rooting of okra, and the result is 
shown in Table 19. The rooting rate was 33% in the control but 
increased to 100% in SOMRE 0.001 ppm. The total root length 
was 14 cm in the control, while 113 cm in SOMRE 0.001 ppm, 
which was 8.07 times longer than the control. Treatment of okra 
seeds with 0.001 ppm solution of SOMRE resulted in the 150% 
improved yields.

Figure: 54 Rooting of okra

Table: 19 Results of okra

Corn (‘Gold rush’)
In a similar manner, the kit was applied to corn. Results are 
shown in Figure 55 and Table 20.

The rooting rate was 25% in the control, while it increased to 
75% in SOMRE 0.01 ppm. The total root length was 15 cm in 
the control, but 113 cm in 0.01 ppm SOMRE, which was 7.53 
times longer. Therefore, treatment of corn seeds with 0.01 ppm 
SOMRE solution can achieve improved yields.
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Figure: 55 Rooting of corn

Table: 20 Results of corn

Burdock (‘Tegaru’)
In the case of ‘tegaru burdock’, the rooting rate of the control 
was 83%, and it was almost the same at each concentration of 
SOMRE.

Results are shown in Figure 56 and Table 21. The total root 
length was 62 cm in the control, while 108 cm in 1.0 ppm SOM-
RE, which was 1.7 times longer than the control. The total root 

length was 62 cm in the control, while 108 cm in SOMRE 1.0 
ppm, which was 1.7 times longer than the control. It can be ex-
pected that an improved yield can be achieved by treating the 
seeds of burdock root with SOMRE 1.0 ppm solution.

In the actual field, we were able to obtain the harvest expected 
with this kit.

Figure: 56 Rooting of burdock

Table: 21 Results of burdock
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Recommendation to use SOMRE kit
If we explain how to use SOMRE and show slides, there are 
many people who are skeptical and unable to decide to employ 
SOMRE #1. However, with the SOMRE kit, you can see the dif-
ference in root growth with your own eyes within just one week. 
When the results were actually applied to the field, researchers 
and farmers can feel at ease to be able to obtain the expected 
harvest with this kit.

With ‘SOMRE’ and ‘VED’ in hand, let's go to the Gobi Desert
About 50 years ago, when ‘SOMRE’ and ‘VED’ were first creat-
ed, we have actively made presentations at academic conferences 
and exhibitions. We applied for scientific research grants with 
the ‘dream’ of greening the desert, increasing food production, 
and preventing global climate change. But at the time, no one 
paid attention to us. During these days, we were able to create 
various ‘SOMRE’ and ‘VED’ family compounds, so we wished 
to check whether they would work as expected as ‘Medicine for 
the Earth’ in the real desert. In January 2005, we had Hokkoku 
Shinbun publish an article in order to obtain collaborators for the 
above ‘dream’. Luckily, we came across an NPO in Kanazawa, 
the Society for Wrapping the World's Deserts in Greenery. And 

as a comrade who challenges the common ‘dream’, the author 
was able to get the opportunity to work on the greening of the 
Gobi Desert in the Inner Mongolia Autonomous Region of Chi-
na, which we had been longing for.

By the way, there is no word for the Gobi Desert in the Inner 
Mongolia Autonomous Region. The Gobi Desert is a coined 
word by the Japanese that refers to the aggregation of three des-
erts, the Batakirin, the Maous, and the Tenger desert. Therefore, 
in this review, we refer to the Tenger desert when describing the 
location precisely. We will also use the term Gobi Desert, which 
is familiar in a broad sense.

Seed Rooting Experiments Using Desert Indigenous Plants 
[13,14]
Which SOMRE compound is compatible with each of the seeds 
of the many plants that grow naturally in the Tenger desert (Fig-
ure 57). What concentration is appropriate? Investigations were 
made using SOMRE #1 to #22. Among them, the seeds of ‘sand 
jujubes and ‘flower buds, which grow as trees, were selected as 
plants that could prevent the occurrence of sandstorms and stop 
the movement of fluid dunes.

Figure 57 Various Seeds of Desert Native Plants

Table 22 Rooting Experiment of ‘Sand Jujube,’ Indigenous Plant in Gobi Desert
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As for the preliminary study, we prepared 1, 3, and 10 ppm aque-
ous solutions of SOMRE #1, 1.0 and 2.0 ppm aqueous solutions 
of indole acetic acid (IAA) for comparison, and control water, 
respectively. Seeds of ‘sand jujube’ were selected and soaked 
for 30 min. A circular desert experimental site with a diameter of 
about 5 m was divided into 6 sections, and grooves with a depth 
of about 5 cm were dug in each section, and seeds pretreated by 
the above solutions were sown. Since it was the first experiment 
and was in the dry and water deficient season, the plants were 
grown by watering as needed for 73 days from August 2 [49-51].

Rats ate the saplings that had grown in all plots. The IAA plots 
were also damaged, and the 1 ppm plot wiped out. However, 
we found that there was no significant difference in the growth 
between the IAA 1.0 and 2.0 ppm plots, and the growth rate was 
lower than those in the SOMRE treated plots.

Rodents are adept at recognizing and avoiding harmful plants. 
Subsequent experiments also confirmed the safety of the SOM-
RE compound group, based on the fact that rats preferred to eat 
SOMRE–treated plants over IAA–treated plants. The results of 

this initial experiment are shown in Table 22. It was found that 
SOMRE #1–treated plants grew longer and stronger roots than 
the control or IAA–treated plants.

Rooting Experiments Under Natural Conditions Using Seeds, 
Seedlings, and Trees of Native Plants in the Gobi Desert [11-15]
Only with Rain Fall as Water Source, Under Natural Condi-
tions
In the experiment from the next year, we decided to avoid ar-
tificial watering, aiming for the rainy season from May, and to 
grow the plants only with scarce rainfall under natural condi-
tions. A new native plants experimental site was prepared, and 
water (control), 1 ppm aqueous solutions of SOMRE #1 and #4 
were prepared for ‘sand jujube’. The root length that rooted and 
grew during the short rainy season averaged 19 cm in the con-
trol plots. In the section treated with SOMRE #1, the roots were 
longer and deeper, so it was difficult to dig out, and the tip part 
was cut off in the middle. Even so, it was elongated to 53 cm, 
about 2.5 times as long. So, we dug up a few and used them as 
specimens (Figure 58).

Figure: 58 Rooting test of Sand Jujube

On the other hand, in the section treated with SOMRE #4, the 
roots had grown even longer, so digging was abandoned because 
it extends deep underground. When the seeds were treated with 
SOMRE, the roots reached a sandy layer with moisture about 30 
to 50 cm below the surface of desert, where was an essential con-
dition for plant survival in the Gobi Desert as illustrated in Sec-
tion 5. The roots stretched leisurely into the deeper sand layer. 
On the other hand, during the harsh winter when the temperature 
dropped to –30 °C, the seedlings grown from the seeds treated 
with the SOMRE solution did not freeze to death because the 
roots of the grown seedlings were deep. While the control group 
almost froze to death in the desert. In the spring of the following 
year, it sprouted and grew vigorously again.

From these experiments, we confirmed that as long as seeds were 
treated with SOMRE #1 solution, even under natural conditions 
with little rainfall, individuals could take root throughout the 
year and grow into young trees.

Seedlings Treated with SOMRE Solution [11-15]
In April 2007, roots of 2,700 flower–buds (‘hana–bou’) seedlings 
were immersed in a 1.0 ppm aqueous solution of SOMRE #1 for 
30 min. Two seedlings were paired about 30 cm apart from each 
other and the seedlings were planted on a semi–permanent sand 
dune in the Tenger desert with a pair spacing of about 1.0 m (Fig-
ure 59). Meanwhile, a group of Chinese professors from Ningxia 
University's College of Agriculture carried out parallel reforesta-
tion work with us, for comparison, employing what they claim to 
be the best Chinese practices.

They carried out evaluation two months later [53]. We received 
the results in Japan. The survival rate of the Chinese method was 
78.3%, while the result of our SOMRE method was 87.9%. This 
result was widely reported in the Arashan newspaper (Figure 60) 
[49]. In May 2008, 1 year and 2 months after planting, the plants 
endured the dry season and harsh winter. They grew up under the 
natural conditions.
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Figure: 59 Planting Seedlings in the Gobi Desert

Figure: 60 Arashan Newspaper

Figure: 61 Greening status a year and 7 months after planting Figure: 62 Rabbit returned
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We were able to demonstrate that the use of the SOMRE aque-
ous solution dramatically improved the survival rate under the 
harsh natural conditions of the desert. The seedling height of 
‘flower buds’, which was 30 to 50 cm at the time of planting, 
has grown to 1.0 to 1.3 m, and the tallest tree has grown to 1.8 
m, making it a thick tree. In contrast, the number of trees that 
survived the Chinese best method was small, and the height of 
the few remaining trees were about 70 cm at the highest. For-
tunately, the desert has changed to green area (Figure 61) and 
rabbits, insects, rats, and other creatures have returned (Figure 
62). The ecosystem is recovered quickly.

From these experiments, we confirmed that even in the case of 
seedlings, as long as the roots were treated with SOMRE #1 
solution, they would take root throughout the year under the 
natural conditions of the Tenger desert and would surely grow 
into trees.

Tree Treated with SOMRE Solution
In Japan, when transplanting trees, they are usually planted in 
a root–wrapped state. If the roots are left unwrapped, they will 
not be protected and will dry out, reducing the percentage of 

roots taking. Chinese people in the desert didn't care. In addi-
tion, to our surprise, the Chinese method of planting trees was 
to cut the root lengths to the same with scissors (Figure 63). 
The author thought they have no knowledge about plants, so 
they were doing this for the sake of efficiency in their work and 
for ease of manipulation. They had cut off the growing point at 
the tip of the root. All the seedlings were treated like this. The 
Communist Party was watching our every move behind us, and 
our experts' opinions were ignored. And we had to follow their 
amateur methods.

Also, the roots of the ‘hiba’ tree were cut into chunks while 
they were still thick. In May 2007, 1.0 ppm aqueous solution 
of SOMRE #1 was poured to the ‘hiba’ roots for 30 minutes as 
shown in Figure 64 through 65, and planted as shown in Fig-
ure 66. Since they were expensive trees, we were allowed only 
three trees to be treated with SOMRE. We then planted our three 
trees together with their 97 ‘hiba’ trees as control following the 
Chinese method. In March 2008, 10 months later, all the control 
trees withered and died during the summer and winter. While 
under the same conditions, our three SOMRE–treated trees took 
root and survived.

Figure: 63 Trim the Roots to the Same Length      Figure: 64 Soaking ‘Hiba’s Root in Somre Solution

Figure: 65 Soaking Roots While Praying for Growth  Figure: 66 After Planting ‘Hiba’ Tree

From these facts, we found that even trees can survive and grow 
under the natural conditions of the Tenger desert as long as their 
roots are treated with SOMRE #1 solution.

Greening the Gobi Desert
Preliminary experiment of air seeding [13, 14]
It is impossible to dig trenches and pits, scatter seeds in them, 
and plant seedlings and trees in vast desert, much less on a glob-

al scale, because of labor shortages and economic problems. We 
believe that the only way to make the desert green area is to use 
airplanes (or drones) to spread SOMRE–treated seeds over a big 
and wide desert.
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Figure: 67 Soaking seeds in SOMRE solution   Figure: 68 Throwing treated seeds to the desert

Figure: 69 Throwing SOMRE treated seeds into the air

As a preliminary experiment, at the end of May 2007, we at-
tempted the world's first trial. On the day before rain was pre-
dicted by the weather forecast, the seeds of ‘flower buds’ soaked 
in a 1.0 ppm aqueous solution of SOMRE #1 (Figure 67). Then 
they were thrown in the air on the surface of a typical fluidized 
dune located at the interface between semi–fixed and fluidized 
dunes in the Tenger desert, while walking [50] as shown in Fig-
ures 68 and 69. They were left under natural conditions, where 
several millimeters of rain had fallen. Two months later, in early 
August, we had an impressive result. Thirty seeds (0.1%) out of 
30,000 scattered seeds had grown into young seedlings.

World’s first air scattering of SOMRE treated seeds by air-
plane [16]
Encouraged by the preliminary test results described above, we 
convinced that attempt to sow seeds, pretreated with a 1.0 ppm 
aqueous solution of SOMRE #1, to air spray into a fluidized 
dune is not a dream story, but to become real story.
In air spray, development of a technology to reliably embed 

seeds in the sand of the target area is needed. At the same time, 
in order to increase the probability of growing into young plants, 
it is conceivable to make the seeds into clay balls, give them an 
appropriate weight, and scatter them in the air. Based on this 
idea, in mid–May 2008, 25,700 mixed seeds of ‘flower–buds’ 
and ‘jujubes’ treated with SOMRE 1.0 ppm aqueous solution 
were made into clay balls (Figure 70), and the grains were 
spread over the surface of the fluidized dune with the cooper-
ation of volunteers. We threw them into the air while walking.

In October 2008, an on–site inspection was conducted with of-
ficials from the local government of Arashan. Figure 71 shows 
a survey of the number of young trees that have germinated and 
grown in the Gobi Desert by throwing out seeds while walking. 
And we confirmed that 127 seedlings had taken root and were 
growing well as shown inside the red circle in Figure 71. Chi-
nese researcher said that at this plant size, the roots are grown 
over 2.5 meters long and deep.

Figure: 70 Making Clay Balls Figure: 71 Young Trees Growing in the Desert
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These results mean that the preliminary experiment of sowing SOMRE soaked seeds from an airplane would be successful and that 
the greening of fluidized sand dunes (desert), which was impossible with the conventional method, is proved to be no longer a pipe 
dream.

Figure: 72 Soaking seeds into SOMRE solution

Figure: 73 Filtering seeds through bamboo colander Figure: 74 Packing seeds to load onto airplane

With the cooperation of the local government, who witnessed 
these results firsthand, we carried out the world's first aerial 
spraying of SOMRE–soaked seeds on the Gobi Desert on June 
20, 2010. Figure 72 was the soaking seeds into SOMRE solu-
tion. Figure 73 was the photo in filtering seeds through the bam-
boo colander. In Figure 74 the treated seeds were packed in bags 
for loading onto an airplane.

However, from our point of view, it was a reckless challenge to 
carry out the project while ignoring the weather forecast. Figure 
75 shows SOMRE–treated seeds are loaded onto an airplane, 
and Figure 76 shows seeds being dispersed from airplane. [19] 
Later, we have received the reports from the Chinese collabora-
tors that good results have been achieved.

Figure: 75 Loading SOMRE Treated Seeds Air Plane	 Figure; 76 Scattering SOMRE Treated Seeds Onto the Desert

There are still many issues to be investigated in the near future, 
such as the soaking time of seeds suitable for rooting, the parti-

cle size of clay balls, the ratio of clay and sand, the hardness of 
balls, how many days before rain should be sown, etc.



 

www.mkscienceset.com Wor Jour of Molecu Medicine 2025Page No: 36

However, we believe that we will be able to find improved con-
ditions and techniques, soon.

Expansion to India [20,21]
Rice Harvest; Indian Agriculture [22]
In India, environmental deterioration due to desertification and 
food shortages are rapidly progressing. It is reported that food 

crisis and hunger are severe problems in India and Africa. Con-
tinuing from the previous report, [12] with the cooperation of 
Mr. Ryoji Awano and Dr. S. Mishra of KIIT University, in order 
to solve these problems, we considered expanding SOMRE's ag-
riculture technique to Odisha, India.

Figure: 77 Rice harvesting in India
Table: 23 Results of Indian rice

First, we spent one year to examine in detail whether or not 
SOMRE #1 has an impact on Indian soil. On the other hand, the 
effects of SOMRE on major Indian vegetables were examined 
in parallel. As a result, we found that the root elongation effect 
of the main Indian vegetables was significantly better than that 
of the control, as well as the Japanese vegetables, without any 
negative impact on the Indian soil environment.

Since 2015 with the cooperation of the Indian local government 
and agricultural researchers concerned, Dr. S. Mishra and Awa-
no conducted four–year basic experiments on rice harvesting. 
[21] The results are shown in Figure 77 and Table 23. Rice yield 
in India is usually 5,100 kg/1 ha. [22] However, when the paddy 
was treated with 1.0 and 0.1 ppm SOMRE aqueous solution and 
grown, the yield was 6,511 Kg and 6,833 Kg/1 ha, respectively.

Assuming that the yield of the control was taken as 100%, the 
yields of 1.0 and 0.1 ppm were 127% and 134%, respectively, 

and achieved high yield increases. The sugar content is as high 
as 0.5% in the rice that used 0.1 ppm, and the quality is also im-
proved, making it possible to produce delicious rice.

Harvest other than Rice; Indian Agriculture [22]
Other Indian crops [22] such as black gram, sunflower and Am-
aranthus also showed high yield increases of 113%, 122%, and 
126% respectively. The results are shown in Table 24. In the case 
of okra, the result is as low as 104%. However, when 0.001 ppm 
SOMRE solution was used in Japan, a 150% increase in yield 
was obtained. We suggest Indian farmers that the experiment 
should be done again in India using
0.001 ppm SOMRE solution.

With SOMRE, India would be able to improve food production 
and save hunger. Furthermore, we were able to show the possi-
bility of being useful for arid land greening and environmental 
improvement.

Table: 24 Harvest of other Indian crops
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Further Expansion to India
In order to save India from starvation, it is necessary to build a 
system to increase food production. Together with our collab-
orator Mr. Ryoji Awano, we are actively working to promote 
SOMRE. The current situation is described in the India–Japan 
Online Agri Mission, 2021 hosted by JETRO and IJCCI, ‘Jap-
anese Technology’ x ‘Indian Market’, ‘India Online Presenta-
tion Challenge by Small and Medium Enterprises, Biostimulant 
(New Model Agricultural materials). SOMRE will change In-
dian agriculture, and we gave a presentation on May 26, 2021 
to many people involved in agriculture in India, including Mr. 
S. Janakiraman, Karnataka branch manager of the India–Japan 
Chamber of Commerce and Industry. The contents can be seen 
in the video from the URL described in the literature column 
[55].

Deployment to Africa 15-1. Nerica rice [14]
Nerica rice was developed with the aim of improving the food 
situation in Africa by crossing high–yielding Asian rice with 
pollen from African rice, which is resistant to drought and pests. 
In contrast to the 120–140 days of conventional Asian rice, the 
cultivation period is shortened by about 30–50 days, and the cul-
tivation period of Nerica is 90–100 days. Improving its harvest 
is a powerful means of relieving the food crisis. However, the 
first drawback point is that the initial growth rate is slow, and 
the second point is that it does not have a competitive advantage 
over the weeds seen in African rice. SOMRE has the character-
istics of elongating roots, defeating weeds, and speeding up the 
growth rate, so there is a possibility that these two drawback 
problems can be improved.

Figure: 78 Rooting Test in The Petri Dish Figure: 79 Rooted seeds

Table: 25 Results of Nerica Rice

Therefore, seeds were purchased from the Japan Burkina Faso 
Friendship Association, and a rooting test was carried out at a 

temperature of 13—19 °C from April 12 to April 21 using 20 
grains of each seed.
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At a low SOMRE concentration of 0.001 ppm, the rooting rate 
was 70%, lower than the control's 85%, but at higher concen-
trations of 0.01, 0.1, and 1.0 ppm, it was equal to or better than 
85, 80, and 90%, respectively, as shown in Figures 78 and 79. In 
terms of total root length, at a low concentration of 0.001 ppm, 
105 cm is shorter than the control's 155 cm. However, at 0.01, 
0.1, and 1.0 ppm, it is 169, 176, and 278 cm, respectively, and 
becomes longer as the concentration increases (Table 25). As-
suming that of the control is 100%, it has grown to 109, 121, and 
170%, and an increase in harvest is expected. The time required 
for growth is also shortened, and the growth competition with 
weeds could sufficiently win. Based on these results, we expect 
that SOMRE will contribute to improving the food situation in 
Africa by promoting the growth of Nerica rice and increasing the 
yield, just as India has achieved increased rice yields.

Baobab and Jatropa
The baobab is a tree called the ‘tree of life’ that lives in the harsh 
environment of Africa where other plants cannot grow. The roots 

look like they are standing upside down and stretching toward 
the sky. With a lifespan that can reach 5,000 to 6,000 years, a 
single tree can store 4,500 liters of water, making it a valuable 
plant that can provide life–sustaining water for people and ani-
mals in Africa. The bark and fruit are used as food, and are used 
as a panacea for diarrhea, fever, lumbago, trauma, recovery from 
fatigue, and head ache. The fibers of the bark are used to make 
ropes and clothing, and the trunks are hollowed out to provide 
shelter and storage for supplies.

Baobab seeds were purchased and tested for rooting. It did not 
germinate in water (control). While 1.0 ppm of SOMRE #1 ac-
celerated the germination rate (Figure 80). On June 11, 2015, the 
germinated seeds were potted, and started to grow. On July 25, 
the seedlings grew to about 20 cm (Figure 81). The growth rate 
was fast (Figure 82), and 5 months later, on November 9, the tree 
height reached 100.5 cm (Figure 83). If it grew in this speed, it 
would become a large tree in a year.

Figure: 80 Baobab germination on June 13 Figure: 81 Baobab height, 20 cm on July 25

Figure: 82 Height is 84 cm on Sept. 05 Figure: 83 Height is 100.5 cm on Nov. 9

However, in December, winter begins in Japan. The temperature 
drops and it snows. Tropical plants could not survive in an out-
door environment without a greenhouse, and gradually withered. 
We expect that SOMRE would help it grow vigorously and fast 
under the tropic area and conditions.

Continued expansion into Africa in Anticipation of the Times
A plant called Myrothamnus, which grows wild in the Sahara 
Desert, dries out and withers during the dry season. But once 
it rains and comes into contact with water, it reverts to green 
leaves in a few hours. It is called the “resurrection tree” because 
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it has a mysterious vitality that allows it to survive in the dry 
desert environment. We believe SOMRE #1 would help this tree 
grow flourish.

Continued expansion into Africa in anticipation of future 
[23, 24, 25]
In March 2016, “the Abe Initiative Masters and Internships 
Program”, Africa Business Networking Fair 2016 was held in 
Tokyo [23]. A large number of young master's students from 
all over Africa have participated in the program, hoping to con-
tribute to the development of their home countries by acquiring 
the excellent Japanese technology. We joined together with Jap-
anese leading companies and introduced about the potential of 
‘SOMRE #1’ and ‘VED #1’, those are new technologies to re-
alize increased food production, restore the devastated environ-
ment and deserts, and stop the expansion of the Sahara Desert, 
including the successive achievements of greening activities in 
the Gobi Desert in China. It can change desert a green environ-
ment. The center–pivot method of groundwater irrigation, which 
is especially used in arid regions, is a poor technology that, in the 
long run, depletes groundwater, causes salt accumulation, and 
promotes desertification. We explained accumulating failures 
caused by human, such as the depletion of the Ogallala aquifer 
in the central part of the United States, the Gobi Desert in China, 
salt accumulation in cultivated land in India, the expansion of 
the Sahara Desert, and desertification in Europe.

As the author mentioned in the introduction, the total volume of 
water on Earth has remained constant and localized since pre-

historic times. If ‘SOMRE #1’ is applied to weed seeds under 
natural conditions, the roots will grow and the desert surface 
will be covered with greenery with just one rainfall. Technology 
is being developed to collect water from the atmosphere using 
solar power even in the desert. If we can combine the technology 
with ‘SOMRE’, water supply is possible, and grasslands can be 
restored and maintained. Desert surface temperatures could be 
reduced. Clouds will eventually gather, bring rain, and make the 
desert green. It will be possible to produce and increase the yield 
of crops and vegetables. We can restore the natural environment 
and turn the desert into a lush food base.

Figures 84 and 85 show our booth at the Abe Initiative Mas-
ter's Program and Internship held in March 2016. [23] It shows 
many students are gathering. Bright young minds were eager to 
bring back the ‘SOMRE’ and ‘VED’ technologies to their home 
countries and contribute to their country's environment and food 
supply [24]. Mr. Osward from Malawi and Mr. Koffi from Côte 
d'Ivoire, who were particularly active, held meetings at the Inter-
national Center in ‘Shinanomachi’, as shown in Figure 86. Both 
of them brought ‘SOMRE’ back to their home countries when 
they returned and began concrete preliminary tests for increas-
ing food production and greening the environment. On April 23, 
2021, in order to save the food crisis in Africa, we participated 
in Malawi's third event AFRI–CONVERSE 2021 #3, held for 
companies participating in JICA international student intern-
ships sponsored by JICA /UNDP.

Figure: 84 Our Booth with Students Figure: 85 African Students Figure: 86 Active Students

Mr. Osward presented the start-up plan using ‘SOMRE’ and the 
preliminary test results, [24] and he was able to obtain support 
from the Malawi government and JICA Malawi, and he decided 
to conduct a field test from 2022. We are looking forward to 
seeing his results.

Application of SOMRE #1 to Flowers and Bulbs [25] Hya-
cinth [25]
As a representative of flowers and bulbs, the results of hyacinth 
are shown in Table 26, which was obtained 20 days after the 
bulbs were immersed in water (control) and SOMRE solutions. 
In each case, beautiful flowers bloomed.

Table: 26 Results of Hyacinth
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Figure: 87 Comparison of Hyacinth Figure: 88 Comparison of Flower

What is interesting is the number of flower buds. In water treat-
ment, 21 flowers bloomed. On the other hand, the number of 
flowers increased to 15, 26, and 24 when 0.001, 0.01, and 0.1 
ppm SOMRE solutions were used, and the maximum number of 
flowers, 34, resulted at 1.0 ppm (Table 26). As the concentration 
of SOMRE solution increased, the root length and density also 
increased, and growth was promoted. The most beautiful flower 
was produced by the action of SOMRE 1.0 ppm treatment (Fig-
ures 87 and 88).

Figure 88 is the photo of grown hyacinth, from left to right: con-
trol, 0.001, 0.01, 0.1, 1.0 ppm SOMRE treated flower.

Polygi and Calendula [25]
The following data were obtained for ‘polygi’ and ‘calendula’ as 
shown in Figure 89 and Figure 90.

The overall growth state of polygi and the state of each flower at 
each concentration of control and SOMRE are shown in Figure 
89. The total number of flower buds on the 4 control plants was 
80. On the other hand, the numbers of 4 flower buds grown at 
SOMRE concentrations of 0.001, 0.01, 0.1, and 1.0 ppm were 
161, 130, 218, and 259, respectively. If the control value is 
100%, those of SOMRE concentrations of 0.001, 0.01, 0.1, 1.0 
ppm were 201, 163, 273, and 324%, respectively. As a result, 
when growing polygi, we can get beautiful flowers by using a 
SOMRE concentration of 1.0 ppm.

Control SOMRE 0.001 ppm 0.01 ppm 0.1 ppm 1.0 ppm
Flower buds, 80 161 (201%) 130(163%) 218(273 %) 259(324%)

Control SOMRE 0.001 ppm 0.01 ppm 0.1 ppm 1.0 ppm
1,408(100%) 1,542(110%) 1,928(137%) 1,995(142%) 4,724(336%)

Total number of Per Share Petals

In the case of Calendula, the results of each flower at each con-
centration of control and SOMREs are shown in Figure 90. The 
number of petals of the control flower was 1,408. On the other 
hand, the number of petals of flowers grown at SOMRE concen-
trations of 0.001, 0.01, 0.1, and 1.0 ppm was 1,542, 1,928, 1,995, 
and 4,724, respectively. If the control value is 100%, SOMRE 
concentrations of 0.001, 0.01, 0.1, and 1.0 ppm were 110, 137, 

142, and 336%. In addition, in the control group, 4 or 5 layers 
of flowers bloomed, but when SOMRE concentrations of 0.001, 
0.01, 0.1, and 1.0 ppm were applied, 6 to 7 layers, 7 to 8 layers, 
7 to 8 layers, and 9 to 10 layers of flowers bloomed, as shown in 
Figure 90. Consequently, we can use SOMRE for making beau-
tiful Calendula flowers bloom.
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After the flowers have finished blooming and the seeds have 
formed, we checked the number of seeds. It was found that when 
a SOMRE concentration of 1.0 ppm was used, three times as 
many seeds were produced as the control.

Crocuses; ‘Pickwick’, ‘Jeanne d’arc’, ‘Flower records’ [25]
We studied three types of crocuses, such as ‘Pickwick’, ‘Jeanne 
d’Arc’, and ‘Flower Records’. Thus, five bulbs of each plant are 
immersed in water and SOMRE 0.1 ppm aqueous solution for 1 
h and grow in a planter.

Figure: 91 Growth State of Crocus

Control of ‘Pickwic’ and ‘Jeanne d’Arc’ did not germinate, but 
four ‘Flower records’ grew and flowered. Among the SOMRE–
treated bulbs, one ‘Pickwic’, four ‘Jeanne d’Arc’, and all five 
‘Flower records’ grew and flowered as shown in Figure 91. In 
conclusion, SOMRE has the potential to fill the world with beau-
tiful flowers.

Application to Endangered Plants [25]
Cultivation of ‘Himekomatsu’ with SOMRE #1[25]
In Chiba Prefecture, the number of ‘Himekomatsu’ trees has de-
creased to only 80, and it is designated as the prefecture's most 
important protected species as an endangered plant, and efforts 
are being made to protect and restore it. We were certified by the 
Chiba Biodiversity Center as supporters for the conservation of 
them and received a 38 cm tall poor sapling on February 8, 2016 
as shown in Figure 92.

The roots of the seedling were immersed in a 1.0 ppm aqueous 
solution of SOMRE #1 for 1 h, potted, and then planted in a 
field. After that, the seedlings regained their vigor and grew vig-
orously, reaching a height of 84 cm (Figure 93) in 2017 and 139 
cm in 2018.

The report compiled by the Chiba Prefectural Biodiversity Cen-
ter on the growth status of the ‘Himekomatsu’ conservation 
supporters in each region says that since 2016 the number of 
dead trees has been increasing with the passage of time. Under 
these circumstances, the ‘Himekomatsu’ entrusted to us reached 
a height of 165 cm in 2019, over 210 cm in height as of October 
2020, and in 2023, as shown in the Figure 94. The tree is 370 
cm tall, twice the height of a person, and is growing vigorously.

We believe that SOMRE treatment will also help to regenerate 
other endangered plants.

Figure: 92 Poor Sapling, ‘Himekomatsu’ 
height 38 cm, in 2016

Figure: 93 Growing Vigorously height 84 
cm, in 2017

Figure: 94 Height 370 cm, in 2023

Preserving Japan's Traditional Culture with SOMRE #1[29, 
31]. Lacquer Culture [29, 31]
Because lacquer is durable, heat-resistant, and water-resistant, it 
is used as a surface coating on national treasures, important cul-
tural properties, buildings (shrines and temples), building mate-

rials (tiered boxes, bowls, chopsticks, trays), works of art, and 
decorative items. Not only does it protect the interior covered 
with lacquer, but its rich luster, color tone, and brilliance are 
the cornerstones of Japanese culture. Kyoto's Rokuonji Golden 
Pavilion, Hiraizumi's Chusonji Golden Pavilion, a national trea-
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sure, and other buildings with lacquered walls and floors covered 
with gold leaf are world–class in beauty. It is the mission of the 
Japanese to protect this important traditional Japanese culture 
and the techniques of lacquer and gold leaf crafts.

Lacquer sap (urushi) is a collection of sap that is secreted from 
the trunks of mature lacquer trees that have grown for 10 to 15 
years after being planted. About 200 mL of sap can be obtained 
from one tree, and the tree is then cut down to complete its life 
cycle (Figures 95 and 96). This is a very cruel method called 
‘Koroshikaki’.

Japanese lacquer becomes more durable as its ages, and its color 
and gloss also improve. The demand for Japanese lacquer, which 

is required for repairing traditional precious national treasures 
and various cultural properties, is increasing with the passage of 
time. The annual production volume in 2009 was about 1.4 tons, 
which is far from the demand (about 69 tons).

In order to make up for this shortage, a large amount of Chinese 
lacquer has been imported in recent years, and Chinese lacquer 
is used for 98% of the demand. However, because the chemi-
cal composition of the lacquer is different from that of Japanese 
lacquer, Chinese lacquer will crack after two years. Supply mea-
sures and solutions for Japanese lacquer are required to maintain 
Japan's ancient traditions and culture.

Figure: 95 Felled Lacquer Trees Figure: 96 Cut Down Lacquer Trees Figure: 97 Lacquer Seeds

Currently, lacquer production areas in Japan are mainly ‘Joho-
ji’ in Iwate Prefecture. Lacquer seeds from ‘Johoji’ are used to 
produce many lacquer seedlings. For this reason, we decided to 
use lacquer seeds from ‘Johoji’ (Figure 97). We also attempted 
to utilize waste materials, by cutting branches and roots of a 
lacquer tree that had been fallen and abandoned after tapping 
lacquer, as materials to grow new lacquer trees in a lacquer plan-
tation in ‘Ninohe City’, Iwate Prefecture.

As is well known, the usual method of rooting urushi seeds does 
not produce good results. On the other hand, it is already known 
that certain wavelengths of light promote plant germination and 
growth. Therefore, we combined both the lighting irradiation 
method and treating with SOMRE #1 aqueous solution. As a 
result, we discovered a new technology that exceeds the usual 
method and can improve the germination rate of sumac seeds, 
improve the success rate of cuttings, and regenerate from roots.

This means that we succeeded in developing a new technology 
to regenerate the life of the lacquer tree as a new life without 
losing the life of the lacquer tree. Since we can fully expect to 
produce and increase the production of urushi, we are currently 
conducting further investigations. Since we are considering a 
patent application, we will refrain from describing the detail.

Japanese Paper ‘Washi’ Production [25, 26]
Beautiful to the touch, durable and long–lasting, handmade Jap-
anese paper is one of the arts and crafts mainly protected and 
supported by the three prefectures of the Hokuriku region (Ishi-

kawa, Toyama, and Fukui). Invitations, guarantee paper, fusu-
ma, calligraphy paper, business card holders, accessory cases, 
etc., have supported our daily lives and formed the traditional 
culture of Japan.

In recent years, as lifestyles have changed, the demand for Jap-
anese paper has decreased, and this has led to a decline in the 
production of raw materials such plant as ‘kozo’, ‘mitsumata’, 
and ‘ganpi’. It takes 1 year for ‘kozo’, 3 years for ‘mitsumata’, 
and 15 to 20 years for ‘ganpi’ to grow enough to be harvested as 
a raw material for paper. It is necessary to plant and nurture trees 
systematically. ‘Neri’, which is indispensable for making hand-
made Japanese paper, is a slime produced by the roots of the 
annual ‘tororo–aoi’ plant. The production of ‘kozo’, ‘mitsuma-
ta’, ‘ganpi’, and ‘tororo–aoi’ is facing the problems of securing 
people to inherit the techniques and securing livelihoods due to 
the drop-in demand, in addition to the problem of an aging pop-
ulation. Omitama city, Ibaraki Prefecture is currently the center 
of production of ‘tororo–aoi’.

We hope that SOMRE #1 can solve this problem as well. SOM-
RE #1 increases the rate of seed rooting and accelerates plant 
growth. If we can shorten the growth period from 15 years for 
‘ganpi’ to 5 years, we can improve productivity, protect tradi-
tional culture, and contribute to further development. Based on 
this policy, we would like to examine whether ‘SOMRE #1’ 
works as expected for the production of ‘kozo’, ‘mitsumata’, 
‘gampi’, and ‘tororo–aoi’.
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We believe that SOMRE #1 could not only help maintain, pass 
on, and develop new Japanese traditional culture, but also fill the 
Earth with plants and return it to a rich, green environment

Summary of Plants That Have Increased Crop and Yields 
with SOMRE #1
Figure 98 is the list of plants that have increased harvests and 
growth promotion with SOMRE #1. Every plant grew better, 

and crops increased at least by 110 to 150% over controls. Na-
tive plants in arid and Gobi Desert showed markedly superior 
growth compared to control. Using SOMRE #1, we could save 
the world food crisis and starvation, and more to green the world.

Figure: 98 List of Plants with Increased Yields
VED Compounds

Conception and Development of VED Compounds
The author has been suffering for a long time from the ‘itchiness’ 
of atopic dermatitis that did not improve after seeing a derma-
tologist. He wanted to create new medicine that had never been 
isolated as a natural product and cure his illness. The mechanism 
by which itching occurs is still unknown, but from his many 
years of experience, he felt it is related to blood circulation and 
active oxygen scavenger. As explained, he developed his own 
1-hydroxyindole hypothesis into tryptophan and IAA with the 
aim of developing root and stem promoters for plants [6]. There-
fore, it was natural for him to turn his attention to yohimbine 
(54, Figure 96).

The alkaloid 54 is a Chinese herbal medicine and well known 
with its peripheral vasodilator as an α2 receptor blocker, and is 
prescribed for erectile dysfunction (ED) [52]. The author con-

ceived the idea to apply the chemistry of 1-hydroxyindole to 
synthesize a fantasy compound, 1-hydroxyyohimbine (55b), 
expecting for development of medicine for saving his own itch-
iness.

1-Hydroxy yohimbine [56]
Yohimbine loses its biological action in response to a subtle 
change in the structure, for example introduction of a meth-
yl group to the 1 position (55a) eliminate α2 blocking action. 
We created 1-hydroxyyohimbine [56] (55b), the N–OH form, 
which is the expected product after functioning as active oxygen 
scavenger. And then we found the α2 blocker action of 55b was 
maintained without diminishing. Additionally, the strong toxici-
ty of yohimbine was reduced. As a result, we could discover its 
possibility to become a new ED treatment medicine.

Figure: 96 Yohimbine and Imaginary Tryptamine Derivatives for Α2 Blocker
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Based on the author's intuition on the relationship between vaso-
dilation, itching, and skin diseases, we searched for a substance 
with a simpler structure, improving blood circulation and active 
oxygen scavenger. During exploring for creating a non–toxic 
and safe α2 blocker having peripheral vasodilator action, im-
proving blood circulation, promoting growth and reproductive 
ability of animals, and producing offspring’s, for animal food 
production, we have analyzed the chemical structure of yohim-
bine, comparing the chemical structures of compounds produced 
in the imaginary metabolic process of tryptophan, we paid at-
tention to the structure shown in the dotted parenthesis of 56, 
namely tryptamine derivatives 57.

VED Compounds: Synthesis of VED #1 (Nb-nonanoyl trypt-
amine) and 1–hydroxy-Nb-acyl tryptamines [53]
Many physiologically active substances such as hallucinogens, 
neurotransmitters, and various alkaloids are known to be trypt-
amine derivatives [6, 7]. Tryptamine itself exists in the body as 
a trace biogenic amine, but it is an unstable substance that is 
extremely difficult to handle. When isolated, it forms colorless 
crystals, but is oxidized by oxygen in the air, quickly turning into 
a black, sticky liquid. Due to this instability, its pharmacological 
tests could not be carried out until now. The author thought this 

is the reason why the potential hidden in this precious treasure, 
tryptamine, could not be discovered.

In order to make it possible to freely handle this unstable and 
easily oxidizable organic molecule, the author came up with the 
idea of creating 1-hydroxyindole derivative, which is presumed 
to be produced as a result of functioning as an antioxidant. Or 
adding an acyl group to Nb to make it resistant to oxidation. 
We set up a research policy to synthesize Nb-acyl-1-hydroxy-
tryptamine, which is expected to be formed by oxidation in the 
body and to investigate its physical properties and pharmaco-
logical actions. As mentioned earlier, the 1-hydroxyindole de-
rivative is an imaginary compound that has never been isolated 
as a natural product. Therefore, it was not known whether the 
target compound could exist in the real world. Therefore, it took 
several decades for us to create a general synthetic method for 
1-hydroxyindoles [6, 34]. We were lucky to create our own gen-
eral synthetic method (Scheme 3), which is simple and easy to 
oxidize 2,3-dihydroindoles with a mild oxidizing agent, H2O2. 
As a result, it became possible to convert arbitrary indole com-
pounds to the corresponding new 1-hydroxyindole derivatives 
[54].   Consequently, it   became   possible   to   synthesize   any   
desired 1-hydroxy-Nb-acyltryptamines by the method shown in 
Scheme 5 [6, 54].

Scheme 5 Synthesis of 1-Hydroxy-Nb-acyltryptamines

First, tryptamine was reacted with various fatty acids (56) us-
ing the mixed acid anhydride method to synthesize Nb-acyl 
tryptamines (57) in good yield. All compounds of 57 were sta-
ble crystals. Subsequent reduction with triethyl silane led to the 
corresponding 2,3-dihydroindoles (58). Furthermore, when 58 
was reacted with hydrogen peroxide using sodium tungstate as a 
catalyst, the imaginary new group of Nb-acyl-1-hydroxyindole 
derivatives (59a-g) were successfully obtained as stable crystals 
[54].

All these compounds showed α2 receptor inhibitory effect. The 
effect became stronger as the chain length of the Nb side chain 

became longer. When the number of Nb side chain was 9 (59d), 
it was the strongest [59]. Its strength was 79.0% of that of yo-
himbine as 100%. We also investigated the strength of the com-
pound group 57a-g in which the 1-substituent is hydrogen, two 
steps before the synthesis of 59a-g. The α2 receptor inhibitory 
effect was equivalent to that of compound groups 59a-g (Table 
26). This is the reason why we named 57d as VED #1, taking 
the acronyms of Vasodilator and Erectile Disfunction of phar-
macological actions. Regarding the safety of VED #1 and 59d, 
the Ames test, human skin allergy test, and toxicity test were 
conducted by public institutions, and we could confirm that there 
is no toxicity [59].
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Table: 26 α2 Receptor Inhibitory Effect

When VED #1 and 59d were made into a skin care cream and 
applied them to the author's itchy skin, he surprised that the 
itchiness disappeared almost instantly [42]. Despite seeing der-
matologists for many years, there was no effective treatment, 
especially at night he could not stand the “itch” and continued 
to be sleep deprived. Desperately wanting to escape from suf-
fering, every time a new compound was created, he applied it to 
the itchy skin areas as a trial. And finally, the moment to apply 
VED #1 to his skin came. The itch disappeared as soon as he 
applied it, and the pain of the wound being caused by scratching 
decreased and the wound healed in a week [40, 41, 42].

VED #1 experiment using cashmere goats at Gobi Desert
We selected two dairy farms run by nomads in the Arashan 
region of Inner Mongolia, China, and carried out experiment 

twelve times from July 2005 to May 2008 for the purpose of 
cashmere hair growth breeding and increasing dairy farm pro-
duction at two independent grazing lands of cashmere goats in 
the Gobi Desert [25-27]. The experiments were repeated and the 
reproducibility was confirmed [27].

Cashmere Hair Growth Experiment [38, 40-42]
We purchased a total of 8 cashmere goats from two ranches, 6 
and 2 goats, respectively, run by two nomads, respectively. They 
were divided into the first set consisting of 3 VED #1–treated an-
imals and untreated 3 control animals (ranch I), and the second 
set consisting of 1 VED #1–treated animal and 1 untreated con-
trol animal (ranch II). That is, a total of two sets were prepared 
and bred under the same conditions for one year.

Table: 27 Cashmere hair production in ranch I and II

Figure: 99 Hair Length of Control Goat Figure: 100 Hair Length of VED #1 taking goat
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Despite being given the same amount of feed, the goats in the 
VED “1 group grew faster, healthier and bigger. As a result, as 
shown in Table 27, the amount of cashmere hair increased by 1.2 
to 1.7 times (Figure 100) the weight of the control group (Figure 
99). We observed the hair of the control group was white like 
cotton, whereas the hair of the VED group was silky white and 
shiny, indicating high quality.

Breeding with VED #1, Animal Food Production [25, 26, 27]
Although local people in China have tried various tricks and ef-
forts to breed the cashmere goats, there was still the problem 
of a low percentage of female goats becoming pregnant. In our 
breeding experiments, two male goats were placed among 90 

female goats, and mating was allowed freely as much as possi-
ble. In the control group 20–30 kids were born. Interestingly, in 
the group where 2 males were fed 1.0 mg VED #1 once daily in 
the diet, all 90 females became pregnant and gave birth 90 kids.

According to the farmer's observations, the two goats go into 
heat when they take VED #1, and their penises lengthen and 
they begin to act. Figure 101 shows a part of the 90 baby goats. 
It is noteworthy that survival rate of the kid goats was 100%. 
Over the second to fourth years, re–experiments were conduct-
ed to confirm reproducibility. The VED #1–taking goats were 
living happy lives as seed goats, and the expected results were 
obtained.

Figure: 101 A part of 90 Baby Goats, May 2007

In the fourth year, due to the age of the farmer, the number of 
goats to be cared for was reduced to 80. During the four years, a 
total of 350 (90+90+90+80) goats were successfully born from 
a total of 350 female goats.

As for nomads, the production of cashmere wool, the sale of 
young goats, and a sufficient supply of meat became possible, 
and the author will never forget the happy faces of the ranchers.

Increasing Animal Food Production, Livestock and Poultry 
[26–30]
Many other applications are possible due to the success with 
cashmere goats. Animal hair production, which is popular with 
some people, is being banned in the spirit of animal welfare 
because it is produced by killing animals. We believe VED #1 
could be used for shearing annually to produce expensive animal 
hair such as sheep, angora rabbits, picuna, etc. VED #1 technol-
ogy could be applied to increase the production of livestock such 
as cattle, pigs, and chickens, as well as poultry, and would be of 
great help in increasing the production of animal foods. [29,30] 
We believe that it would also be useful for the breeding of rare 
species of animals and birds that live in the natural world. In 
China, the authors wanted ‘panda’ to breed, but they wouldn't 
let us do the experiment. I think it will be possible to apply it to 

endangered species of animals. We believe that it will also help 
to maintain and restore biodiversity.

Hair Thickening, Improvement of ED, and Rejuvenation 
(anti-aging) [33,  34, 41]
We considered that VED #1 is also effective in treating ED in 
humans. [29,30] After confirming the results shown in goat re-
sults, the interpreter, a Chinese man in his 40s, voluntarily tried 
for medicating his ED. VED #1 played wonderful role, and his 
body was full of energy, became active, and his child was born 
soon.

Based on the epoch–making results of increasing the cashmere 
hair production in the Gobi Desert, a VED #1 hair tonic for thin-
ning hair in humans was created and tested, and we found to be 
as effective in humans as it is in goats. In a mouse back hair test, 
VED (57d and 59d) was slightly weaker than ‘Minoxidil’ for hair 
growth [38, 40-42]. However, in a mouse beard hair extension 
test, we found it to be strongly more effective than ‘Minoxidil’. 
[35] In the case of humans, aging cause hair loss. We found VED 
(57d, 59d) is useful for improving thinning hair regardless of age 
or sex. In particular, a girl diagnosed with alopecia areata regained 
bushy hair after half a year of VED spray. A bald male exchange 
student from Africa tried it (Figure 102). After 10 months use, the 
hair returned as shown in Figure 103. He was very grateful to us.
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Figure: 102 Young Man, Bald Head Original state; April 9, 2022 Figure: 103 After 10 Months Use of VED Spray 

VED #1 is a Treasure Trove of Various Pharmacological Actions
We have found that Nb-acyl- and -1-hydroxy-tryptamines are 
novel and structurally simple α2-blockers [32, 33] for the treat-
ment of erectile dysfunction. Furthermore, they have potent 
inhibitory activities on platelet aggregation. [39] Daikon and 
wasabi phytoalexins are weak fungicidal alkaloids [51, 74] hav-
ing stabilized 1-methoxyindole structure. Quite recently, Korean 
researchers synthesized 1-hydroxyindole derivatives and report-
ed to be highly specific and promising anticancer agent [80]. In 
addition, Japanese group discovered that VED has moisturizing 
effects as well as an anti-eczema effect in surfactant-induced mice 
[81]. Judging from these facts, we hope that the chemistry of 1-hy-
droxyindole is a treasure field where a lot of new biologically ac-
tive compounds are buried under the ground to be dug up.

Among the Nb-acyl tryptamines, Nb-nonanoyl tryptamine (57d) 
had the strongest α2 blocker action, and was used to investigate 
various pharmacological tests as much as possible. Consequent-
ly, the secret veils of 57d have been revealed one after another, 
and then we have found that VED #1 (57d) is a treasure trove of 
various pharmacological actions as follows.

Instant Disappearance of ‘Itching’ [42, 81]
Many people suffering from the itching of atopic dermatitis 
have been saved by VED #1 cream thus far. One of the voices of 

joy: my child's atopic dermatitis didn't heal even with the med-
icine prescribed by the dermatologist, and he cried at night and 
couldn't sleep. I felt sorry for him and was having a hard time 
every day. When I applied your VED #1 cream, the itching sub-
sided with just one application and she fell asleep. It's like magic 
and I'm surprised. Thank you.

Skin Spots, Wrinkles, Dullness, Rough Skin, Pimples Treat-
ment [40]
Due to peripheral vasodilation, the supply of nutrients, minerals, 
vitamins, etc. to the basal cells of the skin becomes sufficient, 
promoting proliferation and increasing the rate of metabolism. 
As a result, the senescent cells that form blemishes and the cells 
that form pimples are pushed out of the body by new cells and 
discharged. Figure 104 is a progress photo of a 67-year-old lady 
using the cream, with aged spots and wrinkles disappearing 
(Figure 105).

Even men and women in their 80s having many dark spots, wrin-
kles, pimples, and so on, on their faces, hands, and body, said 
their troubles fade after a year use of our VED #1 cream, and 
they feel younger both mentally and physically. The author also 
shares their joy.

Figure: 104 67-Year-old, aged Spots and Wrinkles Improve-
ment of Acne and Acne Scars [40, 41]

 Figure:105 Her Spots and Wrinkles Disappeared

VED #1 cream is highly effective for treating acne scars. In 
December 2021, a 16-year-old junior high school boy was pre-

scribed the medicine ‘Duac’ by a doctor at a dermatology clinic, 
and he got worse day by day, as shown in Figure 106. He became 
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depressed and could no longer go to school. Her mother found us 
on the internet and started using VED #1 cream. At first the boy 
didn't trust anything other than ‘doctor's medicine’. However, 

symptoms did not improve and her mother repeatedly recom-
mended our cream, and he finally gave it try and immediately 
experienced the ‘difference’ from ‘Duac’.

He stopped using the doctor's medication quickly and switched 
to using ‘VED #1 cream’. Then it started to get better and better 

(Figure 107), and as of June 10, 2022, his beautiful youthful skin 
was back (Figure 108), and rescued from depression.

Figure: 106 Acne Scars Became Worse Due to Medication Prescribed by a Doctor

Figure: 107 VED Cream Usage History Treatment of Wounds 
and Cuts, Elimination of Pain [40-42]

Figure: 108 Beautiful Youthful Skin Was Back, After 6 Months

Thank you note from one of the voices of joy: for about 40 years, 
steroid treatment and other attempts were made at clinic. How-
ever, atopic dermatitis did not improve at all. But I applied your 
VED #1 cream. I could get rid of the itch, so I didn't have to 
scratch it. Pain disappeared. The scars have healed and my skin 
has improved. I am very grateful to you. My doctor is here and 
he wants to communicate with you.

His doctor’s opinion: The effect is great, so I will employ it for 
my patients for a long time. I would also like to use it for my pa-
tients suffering from interurticaria. The pain disappears and the 
wound will heal faster. VED #1 cream healed scratches quickly 
and could be applied to cut and abraded skin. Not only chil-
dren, but even 80–year–olds can heal their wounds in about two 
weeks as shown in Figures 109 and 110. Pain subsides from the 
moment of application. Figure 110 is the photo taken two weeks 
after applying the cream.

Figure: 109 Wounds of 80–year–old Man Platelet Aggregation 
Inhibitory Action and Dementia Suppression [36, 37]

Figure: 110 Two week after Applying VED #1 Cream
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Almost all 1-hydroxyindole derivatives (60—65) showed potent 
inhibitory effects in the platelet aggregation test of arachidonic 
acid using rabbit platelet–rich blood. Its strength was one order 
higher than that of ‘cilostazol’ (Table 29). [57] ‘Cilostazol’ (66), 
which has an inhibitory effect on platelet aggregation, is under 

development as a substance that inhibits the progression of de-
mentia [36, 37, 57]. The 1-hydroxyindole derivatives are also 
expected to be developed in the future as candidate medicines 
for the treatment of the disease.

Table: 29 Effects of 1-Hydroxyindoles on Arachidonic Acid Induced Platelet Aggregation in Rabbit PRP

Treatment of Frostbite, Poor Blood Circulation, Hemor-
rhoids, and Burns [40]
A 70–year–old man suffered frostbite on the heels of both his 
feet during the extreme cold. His blood circulation was poor, 

and his skin was purple and bloated and edematous (Figure 111). 
Since VED #1 has a peripheral vasodilating effect, it was applied 
to the affected area as a spray.

Figure: 111 Edematous of 70–year–old Man Figures :112 Separated Layers Formed, a Month Later

The initial pain disappeared immediately after spray. One month 
later, the formation of a separated layer was observed, (Figure 
112) and a week later, the local part was separated like a thin 
film and peeled off and the lesion was completely cured after 
3 months. People often lose their fingers and toes due to poor 
blood circulation due to diabetes. We believe that the use of 
VED #1 would realize the possibility of restoring blood circu-
lation and healing. Similarly, burnt skin regenerates quickly as 
the pain disappears. The blisters gradually subside and the liquid 

from the blisters is absorbed, and the skin peels off and heals 
quickly. This is because of metabolism speeds up effect.

Arthralgia, Muscle Pain, Improvement of Arrhythmia, 
Cramps [41]
After hard sports, farm work, or physical labor, muscle pain 
and joint pain remain in the legs and lower back. It took longer 
for the pain to disappear with age, and after reaching the age 
of 60, muscle pain remained for 4 to 7 days after work, and it 
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was always difficult to start a new work. However, after taking 
VED #1, muscle soreness appears within the day and feel as if he 
became younger. Almost 100% of muscle soreness disappeared 
in one day, whether taken VED #1 before or after exercise. We 
have thus succeeded in developing a technique that is healthier 
and more effective than drinking alcohol to deal with the pain.

On the other hand, the company president in his 50s, who was 
prescribed nitroglycerin for arrhythmia, often interrupted meet-
ing for taking rest. He listened to the explanation of VED #1 
in advance and voluntarily took 1.0 mg of VED. He recovered 

quickly and led the meeting for three straight hours without trou-
bles. Five years have passed since then, but he uses VED #1 ha-
bitually and is not under the care of a doctor. A 75-year-old man 
had sudden leg cramps when waking up and a 70-year-old man 
had leg cramps during playing baseball as a catcher (as shown 
in Figure 113). The muscles in his legs were cramped and tense, 
and the pain was so severe that he couldn't move [41]. At this 
time, when he applied VED #1 cream to the skin of the stiffened 
muscle, the pain began to disappear in just a few minutes. Over 
time, the pain disappeared and he was able to move legs freely.

Figure: 113 Playing Baseball as a Catcher

It is thought that the pain disappears due to the dilation of pe-
ripheral blood vessels distributed near the skin surface. We think 
conventional medical knowledge of the etiology of cramps ap-
pears to be erroneous.

Regarding Suppression of Apoptosis and Coexistence with 
Cancer [36, 37, 80]
ROS17/2.8 cells, exposed to various concentrations of VED 
#1, were cultured under starvation conditions, and the number 
of surviving cells was measured, and chromatin condensation 
was observed by DAPI staining. We found that VED #1 inhib-
ited starvation–induced cell death and chromatin condensation. 
Furthermore, we found an inhibitory effect on apoptosis. This 
effect was found to induce the expression of BcI-2 mRNA and 
suppress the expression levels of Bax, Bak and Bad mRNAs. 
These facts indicate that VED #1 is useful for diseases caused by 
a decrease in normal cells caused by neurodegeneration such as 
Alzheimer's disease, Parkinson's disease, and cerebral ischemia.

The author’s sister–in–law was diagnosed with terminal pancre-
atic cancer and was given one month to live. With no effective 
anti-cancer drugs, she was left to die. Since VED #1 also acti-
vates protein synthesis and immunity enhancement, she volun-
tarily took it in the hope that it would activate immune cells and 
prolong the time coexisting with cancer. She regained her appe-
tite and gradually regained her energy, giving her and her family 
a bright hope. Seven months later, she was still cheerful and was 
able to chat with her caregivers. Occasionally, when relatives are 
not present, visiting doctor met her, and he recommended her to 
get a ‘corona vaccine’, and he gave it with her consent. After the 

vaccination, her condition suddenly changed and she died two 
days later. She had high hopes for VED #1 and was happy that 
her life expectancy was extended by half a year.

Dementia, Cerebral Hemorrhage, Cerebral Infarction, Myo-
cardial Infarction [36, 37]
In May 2018, the 76-year-old author suddenly became paralyzed 
on the right side of the body. It happened during the consecutive 
holidays. He went to a nearby hospital, but there was no neu-
rosurgery. His family could search for a suitable hospital three 
days later. Driven by his daughter, he was taken to the hospital 
in their own car.

MRI and CT scans revealed a hemorrhage in his left brain, and 
a spherical black shadow containing 5 mL of blood. The doctor 
told that there is no ‘cure medicine’ at present, so he decided to 
continue observation at the doctor's discretion.

The author considered that he would be forced to live in bed 
until his death. By the way, he remembered that he had devel-
oped a safe and powerful vasodilator VED #1. Since it has a 
platelet aggregation inhibitory [36] and peripheral vasodilating 
effects, so he believed it would be sure to dissolve clumps of 
hardened blood clots and help absorb and expel blood clots. He 
self–administered 10.0 mg of VED #1 daily in the hope that it 
would absorb and remove the clots from the brain. Meanwhile, 
he started rehab lightly on his own method.

First, he could not walk, could not write or speak, and his mem-
ory was shaky. After taking VED #1, the effect gradually began 
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to appear, and after three months, he was able to walk with stick, 
albeit clumsily. Half a year later, he was able to walk almost 
stably, and his language was restored. He was surprised by the 
amazing effects of VED #1, and he secretly hopes that it will be 
of use to many people. And six years later, he is walking around 
without any inconvenience. Diagnosis by CT and MRI examina-
tions revealed that bleeding clots had almost disappeared, as his 
expectation.

An 89-year-old woman with dementia used VED #1–containing 
cosmetics, and she was pleased to be seen that her skin became 
clearer with less spots. During that time, her family noticed 
that her dementia was becoming less severe. With her family's 
wishes, taking VED #1 showed gradual improvement, and she 
surprised her family by showing her willingness to go out and 
work in the fields. A year later she passed away at the end of her 
life. The author regretted that we should have known each other 
sooner.

VED #1 improves cerebral blood flow, improves blood circu-
lation, suppresses platelet aggregation, makes blood smoother, 
and has a vasodilating effect, so it may be a therapeutic medicine 
for myocardial infarction and arrhythmia. This is a subject of 
near future investigation as a medicine that would be useful in 
an aging society.

A Panacea Solving Skin/Body Troubles
There are people in the world who are suffering from various 
skin and body problems. Cosmetics and medicines have been 
developed for each trouble, and patients have to buy corre-
sponding each product. If we could develop a single substance 
with multiple functions, it will become an ideal substance (al-
mighty substance). We have completed patent acquisition of 
VED #1 that can deal with almost all skin troubles and related 
body troubles, backed by evidences and patents concerning to 
itching, aged spots, etc. In other words, we were able to create 
the ideal (almighty) substance that we were aiming at. In this 
way, we have provided ‘Ritayakko’ products (skin care cream, 
hair nourishing agent, and ‘pinpingenki supplement’ (nutritional 

supplement for healthy longevity)) that use VED #1 as the main 
ingredient, and have saved many people around so far.

Potential Medicine for Osteoporosis [46, 47, 61, 62]
Considering the bone tissue of osteoporosis patients, osteoblasts 
and osteoclasts coexist and interact closely with each other. The 
usual evaluation method for developing osteoporosis drugs, ei-
ther osteoblasts or osteoclasts are cultured alone. A test com-
pound is added to each system to determine whether it exhibits a 
growth or inhibitory effect.

Suzuki and Hattori developed an excellent assay test using gills 
of goldfish [61, 62]. It is a system in which osteoblasts and os-
teoclasts coexist within the gills and interact with each other. 
Therefore, it can be said this is the most excellent assay method 
for discovering drugs for treating osteoporosis.

The test compounds were synthesized as shown in Scheme 6. 
The reaction of Nb-acetyl-5-methoxy-tryptophan methyl es-
ter (67) with bromine afforded 2,4,6-tribromo derivatives (68) 
exclusively together with small amount of 2,6-dibromo- and 
2,4,7-tribromoderivatives. Further allylation, propargylation, 
and benzylation of 68 afforded high yields of the corresponding 
1-allyl- (69a), 1-propargyl- (69b), and 1-benzyl- (69c) trypto-
phan derivatives.

The same series of reactions were successfully applied to 
melatonin (70), which was obtained by treating 60 with 50% 
(MeOH)2·BF3 in good yield. Bromination of 70 afforded excel-
lent yield of 2,4,6-tribromo- melatonin (71). Subsequent allyla-
tion, propargylation, and benzylation afforded high yields of the 
corresponding 1-allyl- (72a), 1-propargyl- (72b), and 1-benzyl- 
(72c) 2,4,6-tribromomelatonin derivatives.

We subjected 1-substituted 2,4,6-tribromoderivatives (69a-c) 
and 72a-c to the gills assay test. Happily, we found that 69c has 
the strong effect of activating osteoblasts. The compound 72c 
was also discovered to strongly promote the activation of osteo-
blasts and suppressing osteoclasts.

Scheme: 6 Synthesis of Osteoporosis Agents, Tryptophan and Melatonin Derivatives

The test compounds were synthesized as shown in Scheme 6. 
In the acute toxicity test of 1-benzyl-2,4,6-tribromomelatonin 
(69c), according to the OECD (Europe) guidelines, 2 g per 1 kg 
of rat body weight was administered, and after 2 weeks of breed-

ing, toxicity was not observed. Furthermore, no toxicity was ob-
served in a mutagenicity test in which rats were administered 2 
g per kg of body weight and evaluated after feeding for 2 weeks 
according to the OECD guidelines. Addition of S-9 mix (rat liver 
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homogenate) did not change [57,58]. Therefore, we were able to 
discover compounds 69c and 72c as potential therapeutic candi-
date compounds [42, 43, 57, 58].

Quite recently, 1-hydroxy-, 1-alkoxy-, and 1-acyloxyindoles are 
found to be suppressors against tumor growth through inhibiting 
lactase dehydrogenase A [77].

In Conclusion, ‘SOMRE #1’ and ‘VED #1’ Save the Earth 
Beyond the ‘SDGs’ 22-1. Realization of an eco-Friendly 
World with ‘SOMRE #1’ and ‘VED #1’
A boyhood dream of covering the Earth with plants, transform-
ing deserts into lush forests, transforming them into food bases 
to save food crises and prevent climate change comes true. The 
author was finally able to acquire the new technologies ‘SOM-
RE #1’ and ‘VED #1’ necessary for that realization, just before 
he reached retirement age.

We must stop the Earth's land surface and sea bed become bar-
ren deserts. In a SOMRE #1 world, there is no need to pump up 
groundwater and water the desert. Using only natural rainfall as 
a water resource, the vast desert can be greened at once by spray-
ing SOMRE #1–treated seeds from an airplane (or drone) onto 
the desert on the days before and after the rain is expected ac-
cording to the weather forecast. Plants grow by extending their 
roots and stems deep into the ground, weeds grow abundantly, 
and grasslands regenerate. Seaweed seeds or roots can be soaked 
in SOMRE #1 solution for an hour and then spread or planted on 
the ocean floor, which will help restore marine flora.

When the surface of the desert is covered with greenery and the 
surface temperature drops, clouds are brought in and rain return, 
and climate change slows down. Deserts form vast lush CO2 
absorption zones. Plants release oxygen while converting CO2 
into sugar, protein, and food. The desert becomes a food base.

Treating roots and stems with SOMRE #1 eliminates the need to 
use pesticides, allowing rice, vegetables, soybeans, wheat, po-

tatoes, and corn to grow healthily and agricultural production 
to thrive. When the rain returns, the green environment will be 
ready, and forests and lakes will be revived. Fruit trees, bao-
babs, jatropha, rubber trees, palms and mangroves grow. CO2 
is absorbed at the bottom of the sea, seaweed grows vigorously, 
and desertification of the sea stops. Fish and shellfish grow and 
become a rich food base. Land and sea biodiversity will be se-
cured, global warming and climate change will be controlled, 
and the global environment will be improved. Cool air, soil, and 
clean water fill the ground and underground. Plants in forests 
and grasslands serve as fodder for livestock and animals, and 
also provide habitats for animals and birds. Dairy farming also 
flourishes. Through the cooperation of a huge number of plants, 
CO2 will be converted into food, yields will increase, and hun-
ger will disappear from the world.

 On the other hand, in the world where VED #1 is used, plants 
grown in the SOMRE #1 world are used as fodder, and many 
kinds of animals, birds, and insects grow and procreate. Since 
VED #1 is an animal drug, pets, cows, pigs, and livestock grow 
up healthy. The dairy industry develops without the use of 
growth promoters or hormones, and without polluting the soil. 
Human and animal wastes are a source of nutrients and fertiliz-
ers for plants, and grow a rich green Earth. Humans, animals, 
and fishes and shellfishes maintain their health with ‘VED #1’ 
with sufficient food and feed in a cool atmosphere and green 
environment. In addition, soybeans and corn mixed with VED 
#1 are used as feed for breeding, increasing animal food produc-
tion. The harmful effects of ultraviolet rays on terrestrial organ-
isms are protected by the ozone layer generated from the oxygen 
produced by plants. VED protects animal and human skin from 
cancer–causing spots. The body can be protected from aging and 
maintain health due to the effect of improving QOL due to the 
effect of promoting metabolism. As shown in Figure 116, ‘SOM-
RE #1’ and ‘VED #1’ create a green Earth, ensure a virtuous 
cycle of resources, and establish a peaceful world.

Figure: 116 Eco-friendly Worlds with ‘SOMRE #1’ and ‘VED #1’

If humans, only with a desire to seek profit, do not enter the 
peaceful world described above, and do not artificially destroy 
the natural environment or take selfish actions, war, food loss, 
and starvation due to food depletion will disappear. A peaceful 

and safe world of ‘SOMRE #1’ and ‘VED #1’ can be realized. 
The author hopes that all life forms that coexist on the planet 
Earth will live out their lives in harmony [60].
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In India, a Nobel Prize–winning researcher at Monsanto, once 
called the ‘Green Revolution,’ turned vast farmlands into bar-
ren land due to soil contamination and salt accumulation. Even 
recently, they developed ‘glyphosate’, an ingredient in the her-
bicide ‘Roundup’, which is suspected to be carcinogenic, and is 
polluting farmlands around the world. More than 40,000 law-
suits have been filed for damages. Scientists should reflect on 
the foolishness of being dominated by the desire to seek selfish 
profit for the sake of temporary profit. Don't kill the Earth itself.

In India, SOMRE #1 has demonstrated its ability to increase 
yields of rice and Indian vegetables. The authors started efforts 
to gather promising young people from African countries such 
as Malawi, Cote d'Ivoire, Zimbabwe, and Namibia who partici-
pated in the ‘Abe Initiative’. And also began to form a team for 
developing Africa's agriculture and livestock, relieving hunger 
in African countries, and improving the natural environment. Ul-
timately, the authors would like to realize the greening of the Sa-
hara Desert with the help of native plants. As a basic experiment, 
‘SOMRE #1’ has successfully grown baobabs and Kalahari wa-
termelons. If we can increase the yield of plants whose roots 
and stems are edible, such as sweet potato, taro, cassava, maize, 
and millet, it will be possible to save the people currently suf-
fering from hunger. Without relying on other countries for food, 
which is important for food security, each country can produce 
and secure the necessary amount, and solve the food shortage in 
Africa. While securing food and fodder, the rest can be supplied 
for bioethanol. ‘SOMRE #1’ and ‘VED #1’ can make the com-
petition between humans who buy farmland meaningless. World 
hunger and natural environment can be protected.

Since prehistoric times, plants and animals have coexisted with 
humans on Earth, respecting each other's lives. ‘SOMRE #1’ and 
‘VED #1’ will maintain their relationship and will not break. 
We do not manipulate the genes of plants, animals, or fish. We 
will use them as they are now. It is a safe and environmentally 
friendly technology that increases food production and supply. 
It is possible to stably produce and supply seeds, achieving high 
food yields and high profitability.

The authors have demonstrated the fact that ‘SOMRE #1’ and 
‘VED #1’ can increase the current food yield by at least 110–

150%. The authors believe that if the increase in food production 
resulting from the greening of deserts is added to this, the Earth 
can comfortably support a population of 9 to 12 billion people. 
We don't think there is any need to create new organisms or new 
strains after genetic manipulation or alternative foods or insect 
foods with unknown safety and hazards.

Humans are part of nature. Harmony with nature should be pur-
sued in the spirit of harmony in the mountains, rivers, plants, 
and all things as Japanese culture says. All living things can live 
a peaceful and healthy life. The chemistry of ‘SOMRE #1’ and 
‘VED #1’ is ‘hope’ to save the entire planet, the Earth, which has 
green plants and the earth, clean water and life forms wrapped in 
the atmosphere, beyond the SDGs.

Space Age Considerations
Solar panel based on silicon will have serious disposal problems 
in the near future. In terms of disposal issues, silicon recycling 
technology should be established rapidly. Judging from power 
generation efficiency, we should switch to ‘perovskite’ solar 
cells. These would be a favorable energy generation technolo-
gies compatible with the ‘SOMRE #1’ and ‘VED #1’ world 

The world can be realized in the spaceships sailing through 
space. On new planets, it can also be deployed to construct dome 
like space colony or station, which has healthy and rich green 
environments.

The authors sincerely hope that outer space will not be polluted 
by rockets and spaceships waste that were
made by humans.

Proposals for a Concrete and Practical ‘Cure for the Earth’, 
‘SOMRE #1’ and ‘VED #1’ to Achieve the Green Earth [12, 
13, 14]
Aerial Spraying of SOMRE #1–treated Seeds onto the Desert
In conclusion, the authors proposed a concrete ‘Earth Cure’, 
shown in Figure 115, to both green the desert and to prevent 
world hunger on the scientific grounds described so far, at the 
7th International Bio Forum held at Tokyo Big Sight on July 2, 
2008.

Figure: 115 Concrete ‘Earth Cure’ method
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Figure 115 is a schematic diagram of the Gobi Desert. It shows 
the progress of desertification toward the right–side direction. 
The desert shows a transition from bare fluidized dunes to semi–
fixed dunes, and then to green areas. As a ‘healing method for 
the Earth’, first select the time before the rainy season. Then, 
plant SOMRE–treated trees in a wide long belt, at a location 
about few km from the front of the sand dunes. Next, seedlings 
whose roots were soaked in SOMRE #1 solution are planted 
in the same manner on the green side. Similarly, on the further 
green side, SOMRE #1–treated seeds are sown. It is a method of 
counterattacking the advance of the moving sand dunes by ar-
ranging the walls of plants in three stages. In addition, the grass 
square, which is the wisdom of our predecessors, is also adopted 
and placed here and there in the flowing sand dunes. For each 
grass square, trees, saplings and seeds should be treated with 
SOMRE solution [10,11,12]. The seeds treated with SOMRE 
solution should be sown by air–plane (Figures 75 and 76), drone, 
or tractor. Employing the method, a single person can handle 
vast desert surfaces in one day [16].

Seeds of sea grass and weeds should also be treated with SOM-
RE #1 liquid and air-scattered to the sea. While growing pasture 
with SOMRE #1, VED #1 is applied to goats and other live-
stock, eating less grass than before, and promote the greening of 
the desert more reliably maintaining the current standard of liv-
ing for nomads. [16] We believe that if all countries around the 
world eliminate the production of such SF6 and HFCs as pow-
erful greenhouse gases, and adopt "SOMRE #1" and "VED #1" 
as the "Medicine of the Earth", and follow the method shown in 

Figure 115, the eradication of world hunger and global warming 
can be achieved. God allows us to live happily in the restored 
green planet, Earth.

Experimental Part
Melting points were determined on a Yanagimoto micro melting 
point apparatus and are uncorrected. Infrared (IR) spectra with 
a Shimadzu IR-420, a Shimadzu IR-460, and a Horiba FT-720 
spectrophotometer, UV spectra with a Shimadzu UV 2400 PC 
spectrophotometer, and 1H-NMR spectra with JEOL FX-100, 
JEOL EX 270, and JEOL GSX 500 spectrometers, with te-
tramethyl silane as an internal standard. Mass spectra (MS) were 
recorded on a Hitachi M-80 or JEOL SX-102A spectrometer. 
Preparative thin-layer chromatography (p-TLC) was performed 
on Merck Kiesel-gel GF254 (Type 60) (SiO2) or Merck Alumi-
num Oxide GF254 (Type 60/E) (Al2O3). Column chromatogra-
phy was performed on silica gel (SiO2, 100—200 mesh, from 
Kanto Chemical Co. Inc.) or activated alumina (Al2O3, 300 
meshes, from Wako Pure Chemical Industries, Ltd.) throughout 
the present study.

The solution of diazomethane (CH2N2) in diethyl ether (Et2O) 
was prepared as follows: a solution of potassium hydroxide 
(KOH) (5.50 g, 98.0 mmol) in H2O (8.0 mL) was placed in a 
500 mL round bottom flask and cooled in an ice bath.  The 95% 
EtOH (25 mL), Et2O (60.0 mL), and p-tolylsulfonylmethylni-
trosoamide (21.5 g, 100 mmol) were added and the whole was 
slowly distilled to give the Et2O solution including about 3 g of 
CH2N2.

Synthesis of 1-hydroxy- and 1-methoxyindole
Table: 30 Preparation of 1-methxyindole (6) from 2,3-dihydroindole (3)
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1-Methoxyindole (6) from 2,3-dihydroindole (3) [54] — Gen-
eral method A (Table 30, Entry 1):
A solution of Na2WO4·2H2O [70] (2.834 g, 8.42 mmol) in H2O 
(40.0 mL) was added to a solution of 3 (5.015 g, 42.1 mmol) in 
MeOH (375 mL). 30% H2O2 (47.657 g, 421 mmol) was added 
to the resultant solution at 0 °C with stirring. After stirring for 
15 min at rt (16 °C), K2CO3 (20.456 g, 147 mmol) and a solu-
tion of Me2SO4 (7.972 g, 631 mmol) in MeOH (25.0 mL) were 
added to the reaction mixture. After stirring for 90 min at rt (16 
°C), brine (330 mL) was added and the whole was extracted with 
CHCl3 (200 mL x 3). The extract was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
a black oil, which was column-chromatographed on SiO2 with 
CHCl3–hexane (1:4, v/v) to give 6 (3.361 g, 15%). [12,61] 6: 
colorless oil. Mass and all spectral data are identical with those 
reported by Acheson et al [62].

General method B (Table 1, Entry 3): A solution of 
Na2WO4·2H2O (13.2 mg, 0.04 mmol) in H2O (0.5 mL) was 
added to a solution of 3 (47.5 mg, 0.39 mmol) in MeOH (4.0 
mL). 30% H2O2 (452.5 mg, 4.0 mmol) was added to the resul-
tant solution at 0 °C with stirring. After stirring for 30 min at rt 
(17 °C), ethereal CH2N2 (excess) was added to the reaction mix-
ture with stirring at rt until the starting material was not detected 
on tlc monitoring. Brine was added and the whole was extracted 
with CH2Cl2. The extract was washed with brine, dried over Na-
2SO4, and evaporated under reduced pressure to leave oil, which 
was purified by p-TLC on SiO2 with CH2Cl2–hexane (7:3, v/v) 
as a developing solvent. Extraction of a band having a Rf value 
of 0.92–0.79 with CH2Cl2 afforded 6 (29.6 mg, 50%).

Entry 6: In the same procedure for Entry 3, Na2WO4·2H2O 
(27.0 mg, 0.08 mmol), 3 (48.8 mg, 0.41 mmol), 30% H2O2 
(464.9 mg, 4.10 mmol) were used. And the same work-up as 
Entry 3 afforded 6 (31.1 mg, 52%).

Entry 12: In the same procedure for Entry 3, 
2Na2O·P2O5·12WO4·18H2O (23.8 mg, 0.007 mmol), 3 (50.3 
mg, 0.42 mmol), 30% H2O2 (479.2 mg, 4.22 mmol) were used. 
And the same work-up as Entry 3 afforded 6 (35.9 mg, 58%).

General Method C (Table 1, Entry 13): A solution of 
Na2WO4·2H2O (591.4 mg, 1.79 mmol) in H2O (10.0 mL) and 
urea·H2O2 compound (8.437 g, 89.64 mmol) were added to a 
solution of 3 (1.068 g, 8.96 mmol) in MeOH (100.0 mL) at 0 
°C with stirring. After stirring at rt for 15 min, K2CO3 (22.300 
g, 161.3 mmol) and then a solution of Me2SO4 (3.391 g, 26.9 
mmol) in MeOH (10.0 mL) were added to the reaction mixture. 
After the same work-up as Entry 3, 6 (717.5 mg, 54%) was ob-
tained.

Entry 14: m-Chloroperbenzoic acid (231.6 mg, 0.94 mmol), 
(n-Bu)4NHSO4 (7.1 mg, 0.02 mmol) and sat. aq. NaHCO3 (5.0 
mL) were added to a solution of 3 (111.4 mg, 0.94 mmol) in ac-
etone–CH2Cl2 (1:1, v/v, 5.0 mL) at 0 °C with stirring. After stir-
ring for 5 min, brine was added. The whole was extracted with 
CH2Cl2 and ethereal CH2N2 (excess) was added to the extract. 
After stirring for 3 min, the solvent was evaporated under re-
duced pressure to leave oil, which was purified by column-chro-
matography on SiO2 to afford 6 (47.5 mg, 35%).

Entry 15: In the same procedure as Entry 14, solvent was 
changed to CH2Cl2 (5.0 mL) only, where m-chloroperbenzo-
ic acid (223.2 mg, 0.90 mmol), (n-Bu)4NHSO4 (7.2 mg, 0.02 
mmol), 3 (107.0 mg, 0.90 mmol), and sat. aq. NaHCO3 (5.0 mL) 
were used. After usual work-up, 6 (52.9 mg, 40%) was obtained.

Synthesis of 2-bromoindole-3-carbaldehyde (SOMRE #1, 
12) and Related Compounds
Methoxyindole-3-carbaldehyde (7) [63] from 1-methoxyin-
dole (6) — POCl3 (8.4.L) was added to an ice cooled anhydrous 
DMF (31.0 mL) with stirring. A solution of 6 (12.341 g) in anhy-
drous DMF (10.0 mL) was added to the resultant viscous solution 
and stirring was continued at rt for 2 h. Then, crushed ice and 16% 
aq. NaOH (100 mL) were added to the reaction mixture and the 
whole was extracted with ether. The extract was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to give 
a crystalline solid. Recrystallization from ether-hexane afforded 
7 (13.411 g, 91.3%) as colorless prisms. 7: mp 50.0–51.0 °C. IR 
(KBr): 2810,1660–1650, 1375, 1240 cm-1. 1H-NMR (CCl4) δ: 
3.98 (3H, s), 6.81–7.31(3H, m, 7.52 (1H, s), 7.80–8.16 (1H, m), 9.57 
(1H, s). MS m/z: 175 (M+): Anal. Calcd. for C10H9NO2·1/2H2O: 
C, 66.84; H, 5.33; N, 7.80. Found: C, 67.04; H, 5.11; N, 7.89.

Dibromo-1-methoxy-2-oxindole (9) from 1-methoxyindole 
(6) — NBS (3.637 g, 20.43 mmol) was added to a solution of 
6 (1.001g, 6.81 mmol) in t-BuOH (70 mL) and the mixture was 
stirred at rt for 30 min. After evaporation of the solvent, H2O 
was added to the residue. The whole was extracted with benzene. 
The organic layer was washed with brine, dried over Na2SO4, 
and evaporated under reduced pressure to leave a yellow solid, 
which was column-chromatographed on SiO2 with CH2Cl2–
hexane (2:1, v/v) to give 9 (1.281 g, 59%). 9: mp 73—75°C (pale 
yellow prisms, recrystallized from CH2Cl2–hexane). IR (KBr): 
1745 cm–1. 1H-NMR (CDCl3) δ: 4.06 (3H, s), 6.95 (1H, dd, 
J=7.7, 1.5 Hz), 7.15 (1H, br dt, J=1.5, 7.7 Hz), 7.34 (1H, br dt, 
J=1.5, 7.7 Hz), 7.56 (1H, dd, J=7.8, 1.5 Hz). MS m/z: 319, 321, 
and 323 (M+, 79Br and 81Br). Anal. Calcd for C9H7Br2NO2: 
C, 33.64; H, 2.18; N, 4.36. Found: C, 33.51; H, 2.09; N, 4.51.

Methoxy-2-oxindole (10) from 9 — Zink powder (103.2 mg, 
1.6 mmol) was added to a solution of 9 (50.5 mg, 0.16 mmol) in 
AcOH (5 mL) and the mixture was stirred at rt for 1.5 h. Unreact-
ed Zn was filtered off and washed with CH2Cl2–MeOH (95:5, 
v/v). H2O was added to the combined washing and the filtrate. 
The organic layer was washed with brine, dried over Na2SO4, 
and evaporated under reduced pressure to leave an oil, which 
was column-chromatographed on SiO2 with CH2Cl2 to give 10 
(16.6 mg, 65%). Spectral data are identical with the authentic 
sample prepared according to our previous procedures [73].

Oxindole (11) from 10 — A solution of 10 (155.3 mg, 0.95 
mmol) in MeOH (10 mL) was hydrogenated in the presence of 
10% Pd/C (50 mg) at rt and 1 atm for 1 h. Catalyst was filtered 
off and the filtrate was evaporated under reduced pressure to 
leave a crystalline solid, which was column-chromatographed 
on SiO2 with CH2Cl2 to give 11 (120.4 mg, 95%), whose phys-
ical data were identical with the commercially available sample.

1-Hydroxyindole-3-carbaldehyde (8) from 1-Methoxyin-
dole-3-carbaldehyde (7) — i) Method A: DABCO (386.3 
mg, 3.45 mmol) was added to a solution of 7 (61.2 mg, 0.35 
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mmol) in DMF–H2O (3:1, v/v, 2 mL) and the mixture was heat-
ed at 100°C for 21 h with stirring. After addition of H2O, the 
whole was made acidic (pH 4) with 6% HCl and extracted with 
AcOEt [3,17]. The organic layer was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
a brown solid, which was column-chromatographed on SiO2 
with CHCl3–MeOH (97:3, v/v) to give 8 (55.0 mg, 98%). 8: mp 
154—156 °C (decomp, pale yellow prisms, recrystallized from 
AcOEt-hexane). IR (KBr): 3107, 1616 (br), 1558 (br), 1516, 
1309, 1238 cm-1. 1H-NMR (DMSO-d6) δ: 7.26 (1H, dt, J=1.3, 
7.3 Hz), 7.34 (1H, dt, J=1.3, 7.3 Hz), 7.52 (1H, d, J=7.3 Hz), 
8.11 (1H, d, J=7.3 Hz), 8.43 (1H, s), 9.84 (1H, s), 12.20 (1H, br 
s, disappeared on addition of D2O). Anal. Calcd for C9H7NO2: 
C, 67.07; H, 4.38; N, 8.69. Found: C, 66.86; H, 4.37; N, 8.66.

Method B: KI (2.753 g, 16.6 mmol) was added to a solution of 
7 (32.3 mg, 0.19 mmol) in DMF–H2O (3:1, v/v, 4 mL) and the 
mixture was heated at 160°C for 24 h with stirring. After the 
same work-up as described in the method B, unreacted 7 (10.5 
mg, 33%), 8 (0.7 mg, 3%), and 8 (16.3 mg, 55%) were obtained 
in the order of elution.

SOMRE #1 (2-Bromoindole-3-carbaldehyde (12) from 2-Ox-
indole (11) — A solution of phosphorus tribromide (8.0 ml, 78.7 
mmol) in anhydrous CHCl3 (20 mL) was added dropwise to 
anhydrous DMF (30 mL) at 0 °C within 10 min with stirring. 
The mixture became viscous and then turned to yellow white 
solid. Although magnetic stirring bar stopped stirring, a solution 
of 2-oxindole (11, 4.056 g, 30.5 mmol) in anhydrous CHCl3 (60 
mL) was added to the yellow white solid and the whole was im-
mersed in an ultra sound bath for 1 h at rt and allowed to stand 
for 10 h. Again, the whole was immersed in an ultra sound bath 
for 1 h at rt. With ice cooling, H2O (100 mL) was added to the 
reaction mixture and the yellow solid solved. The whole was 
then made slightly alkaline (pH 9) with 40% aqueous NaOH. 
After separation of organic layer, the water layer was extracted 
with CH2Cl2–MeOH (9:1, v/v, 4 times, total 400 mL). The com-
bined organic layer and the extract was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
crystals. Repeated recrystallization from MeOH afforded 12. To-
tal yield: 5.281 g (77%). 12: mp 209.0–210.5°C[1b] (colorless 
needles, recrystallized from MeOH, lit [67]. mp 196—198°C). 
IR (KBr): 3100, 1645 cm-1. 1H-NMR (DMSO-d6) δ: 6.96–7.54 
(3H, m), 7.88–-8.14 (1H, m), 9.82 (1H, s). MS m/z: 223 and 225 
(M+, 79Br and 81Br). Anal. Calcd for C9H6BrNO: C, 48.25; 
H,2.70; N, 6.25. Found: C, 48.26; H, 2.70; N, 6.35.

SOMRE #1 (2-Bromoindole-3-carbaldehyde (12) from 1-Hy-
droxyindole-3-carbaldehyde (8) — A solution of 8 (27.6 mg, 
0.17 mmol) in anhydrous THF (3 mL) was added to POBr3 
(310.0 mg, 1.08 mmol) and the mixture was stirred at rt for 15 
h. After addition of H2O, the whole was extracted with CHCl3–
MeOH (95:5, v/v). The organic layer was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave an oil, which was column-chromatographed on SiO2 with 
AcOEt–hexane (1:1, v/v) to give 12 (12.6 mg, 33%) and 24 (5.3 
mg, 21%) in the order of elution.

1-Chloroindole-3-carbaldehyde (13) from (8) — A solution of 
8 (27.6 mg, 0.17 mmol) in anhydrous THF (3 mL) was added 
to POCl3 (45.9 mg, 0.3 mmol) and DMF (22.0 mg, 0.3 mmol), 

and the mixture was stirred at rt for 5.5 h. The whole was made 
basic with 8% aqueous NaOH and extracted with AcOEt. The 
organic layer was washed with brine, dried over Na2SO4, and 
evaporated under reduced pressure to leave a solid, which was 
column-chromatographed on SiO2 with CH2Cl2 to give 13 
(20.6 mg, 67%). Physical data were identical with those of the 
authentic sample [68].

2-Bromo-1-methoxyindole-3-carbaldehyde (14) from 1-Me-
thoxy-2-oxindole (10) — Anhydrous DMF (9 mL) was added 
to a solution of POBr3 (0.2 mL) in anhydrous CHCl3 (6 mL) at 
0°C and stirring was continued at rt for 15 min. To the resulting 
solution was added a solution of 10[70] (236.3 mg, 1.45 mmol) 
in DMF (5 mL) at 0°C and the mixture was stirred at rt for 12 
h. The whole was made basic with 8% aqueous NaOH and ex-
tracted with AcOEt. The organic layer was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave a solid, which was column-chromatographed on SiO2 with 
AcOEt–hexane (1:3, v/v) to give 14 (307.5 mg, 84%). 14: mp 
97—98°C (colorless needles, recrystallized from MeOH). IR 
(KBr): 1653 cm-1. 1H NMR (CDCl3) δ: 4.19 (3H, s), 7.31 (1H, 
ddd, J=7.6, 7.3, 1.2 Hz), 7.36 (1H, ddd, J=7.8, 7.3, 1.2 Hz), 7.45 
(1H, dd, J=7.8, 1.2 Hz), 8.32 (1H, dd, J=7.6, 1.2 Hz), 9.98 (1H, 
s). MS m/z: 253 and 255 (M+, 79Br and 81Br). Anal. Calcd for 
C10H8BrNO: C, 47.27; H, 3.17; N, 5.51. Found: C, 47.02; H, 
3.22; N, 5.33.

2-Iodoindole-3-carbaldehyde (15) from 12 — KI (1.144 g, 
6.89 mmol) and CuI (659.5 mg, 3.46 mmol) were added to a 
solution of 12 (152.8 mg, 0.68 mmol) in DMF (15 mL) and the 
mixture was heated at 120°C for 48 h. After evaporation of the 
solvent under reduced pressure, H2O was added to the residue. 
The whole was extracted with AcOEt. The organic layer was 
washed with brine, dried over Na2SO4, and evaporated under 
reduced pressure to leave an oil, which was column-chromato-
graphed on SiO2 with AcOEt–hexane (1:1, v/v) to give an in-
separable mixture (151.9 mg) of 12 and 15 in a ratio of 1:3.1 
(1H-NMR analysis). The yields of 12 and 15 were calculated to 
be 29.8 mg (20%) and 122.1 mg (62%), respectively. To obtain 
2 mg of pure 15, repeated HPLC and column-chromatography 
were required. 15: mp 224—226°C (colorless needles, recrys-
tallized from MeOH). IR (KBr): 3138, 1639 cm–1. 1H-NMR 
(DMSO-d6) δ: 7.19 (1H, td, J=7.5, 1.2 Hz), 7.22 (1H, td, J=7.5, 
1.2 Hz), 7.42 (1H, dd, J=7.5, 1.2 Hz), 8.09 (1H, dd, J=7.5, 1.2 
Hz), 9.72 (1H, s), 12.81 (1H, br s). High-resolution MS m/z: 
Calcd for C9H6INO: 270.9494. Found: 270.9478.

2-Iodo-1-methoxyindole-3-carbaldehyde (16) from 2-Io-
do-1-methoxyindole (34) — POCl3 (0.2 mL, 2.15 mmol) was 
added to DMF (2 mL, 25.8 mmol) at 0°C and the stirring was 
continued at rt for 15 min. To the solution was added a solu-
tion of 34 (137.1 mg, 0.50 mmol) in DMF (2 mL) at 0°C and 
the mixture was stirred at rt for 2 h. The whole was made basic 
with 8% aqueous NaOH and extracted with AcOEt. The organ-
ic layer was washed with brine, dried over Na2SO4, and evap-
orated under the reduced pressure to leave a solid, which was 
column-chromatographed on SiO2 with AcOEt–hexane (1:5, 
v/v) to give 16 (105.6 mg, 70%). 16: mp 132—134°C (color-
less needles, recrystallized from MeOH). IR (KBr): 1645 cm–1. 
1H-NMR (CDCl3) δ: 4.18 (3H, s), 7.29 (1H, t, J=7.3 Hz), 7.33 
(1H, t, J=7.3 Hz), 7.46 (1H, d, J=7.3 Hz), 8.33 (1H, d, J=7.3 Hz), 
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9.79 (1H, s). MS m/z: 301 (M+). Anal. Calcd for C10H8INO2: 
C, 39.89; H, 2.68; N, 4.65. Found: C, 40.33; H, 2.87; 4.47.

6-Dibromoindole-3-carbaldehyde (35) with/without 2-Bromo-
1-hydroxyindole-3-carbaldehyde (17) from 2-Bromo-1-
methoxyindole-3-carbaldehyde (14)
Method A: BBr3 (2 mL, 21.2 mmol) was added to a solution of 
14 (50.0 mg, 0.20 mmol) in anhydrous CH2Cl2 (5 mL) at 0°C 
and the mixture was refluxed for 21 h with stirring. The mixture 
was poured into an ice water and the whole was extracted with 
AcOEt. The organic layer was washed with brine, dried over 
Na2SO4, and evaporated under reduced pressure to leave an 
oil, which was column-chromatographed on SiO2 with CHCl3–
MeOH (95:5, v/v) to give 35 (36.3 mg, 61%). 35: mp 269—
270°C (decomp., colorless prisms, recrystallized from MeOH). 
IR (KBr): 3082, 1631 cm-1. 1H NMR (CD3OD) δ: 7.35 (1H, dd, 
J=8.5, 1.8 Hz), 7.56 (1H, d, J=1.8 Hz), 8.04.

(1H, d, J=8.5 Hz), 9.91 (1H, s). 1H NMR (CDCl3) δ: 7.41 (1H, 
dd, J=8.5, 1.2 Hz), 7.51 (1H, d, J=1.2 Hz), 8.17 (1H, d, J=8.5 
Hz), 8.76 (1H, br s), 10.01 (1H, s). MS m/z: 301, 303, and 305 
(M+ 79Br2, 79Br81Br, and 81Br2). Anal. Calcd for C9H5Br-
2NO: C, 35.68; H, 1.66; N, 4.62. Found: C, 35.64; H, 1.72; N, 
4.57.

Method B: BBr3 (4.0 mL, 42.3 mmol) was added to a solution of 
14 (97.0 mg, 0.33 mmol) in anhydrous CH2Cl2 (10 mL) at 0°C 
and the mixture was stirred at rt for 24 h. After the same work-
up as described in the Method A, the crude product was col-
umn-chromatographed on SiO2 with CHCl3 to give unreacted 
14 (30.8 mg, 32%), 35 (18.2 mg, 16%), and 17 (12.7 mg, 14%) 
in the order of elution. 17: mp 192—194°C (decomp., colorless 
needles, recrystallized from AcOEt–hexane). IR (KBr): 1630 
cm–1. 1H-NMR (CD3OD) δ: 7.27 (1H, dd, J=7.8, 7.3 Hz), 7.34 
(1H, J=7.8, 7.3 Hz), 7.50 (1H, d, J=7.8 Hz), 8.16.

(1H, d, J=7.8 Hz), 9.86 (1H, s). High-resolution MS m/z: Cal-
cd for C9H679BrNO2: 238.9582. Found: 238.9579. Calcd for 
C9H681BrNO2: 240.9561. Found: 240.9556.

2-Bromo-1-methylindole-3-carbaldehyde (18) from 12 — A 
solution of MeI (969.2 mg, 6.83 mmol) in THF (10 mL) was 
added to a mixture of 12 (1.07 g, 4.75 mmol), Bu4NBr (306.9 
mg, 0.952 mmol), and K2CO3 (3.55 g, 25.7 mmol) in THF (60 
mL), and the mixture was stirred at rt for 5 h. After addition of 
brine, the whole was extracted with CH2Cl2–MeOH (95:5, v/v). 
The organic layer was washed with brine, dried over Na2SO4, 
and evaporated under reduced pressure to leave an oil, which 
was column-chromatographed on SiO2 with CH2Cl2 to give 18 
(1.11 g, 98%). 18: mp 118—118.5°C (colorless prisms, recrys-
tallized from hexane). IR (KBr): 1638 cm–1. 1H-NMR (CDCl3) 
δ: 3.84 (3H, s), 7.14—7.36 (3H, m), 8.14—8.36 (1H, m), 9.98 
(1H, s). MS m/z: 237 and 239 (M+, 79Br and 81Br). Anal. Calcd 
for C10H8BrNO: C, 50.45; H, 3.39; N, 5.88. Found: C, 50.44; 
H, 3.35; N, 6.09.

2-Bromo-1-(3-methyl-2-buten-1-yl) indole-3-carbaldehyde 
(19) from 12 — A solution of prenyl bromide (1.06 g, 7.17 
mmol) in THF (10 mL) was added to a mixture of 12 (1.02 g, 
4.54 mmol), Bu4NBr (300.8 mg, 0.933 mmol), and K2CO3 
(3.57 g, 25.8 mmol) in THF (60 mL), and the mixture was stirred 

at rt for 6 h. After the same work-up as described in the prepa-
ration of 18, 1.22 g (92%) of 19 was obtained. 19: 78.5—79°C 
(colorless needles, recrystallized from hexane). IR (KBr): 1650 
cm–1. 1H-NMR (CDCl3) δ: 1.75 (3H, d, J=1.2 Hz), 1.92 (3H, 
d, J=1.2 Hz), 4.83 (2H, d, J=7.0 Hz), 5.18 (1H, th, J=7.0, 1.2 
Hz), 7.11—7.35 (3H, m), 8.15—8.39 (1H, m). 10.00 (1H, s). 
MS m/z: 291 and 293 (M+, 79Br and 81Br). Anal. Calcd for 
C14H14BrNO: C, 57.55; H, 4.83; N, 4.79. Found: C, 57.58; H, 
4.84; N, 4.80.

2-Bromo-1-propargylindole-3-carbaldehyde (20) from 12 
— A solution of propargyl bromide (826.6 mg, 6.95 mmol) in 
THF (10 mL) was added to a mixture of 12 (1.00 g, 4.50 mmol), 
Bu4NBr (280.1 mg, 0.88 mmol), and K2CO3 (3.19 g, 23.1 
mmol) in THF (40 mL), and the mixture was stirred at rt for 22 h. 
After addition of brine, the whole was extracted with CH2Cl2–
MeOH (95:5, v/v). The organic layer was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave a crystalline solid, which was recrystallized from MeOH 
to give 20 (1.01 g) as colorless flakes. The mother liquor was 
subjected to p-TLC on SiO2 with CH2Cl2–hexane (3:2, v/v) as 
a developing solvent. Extraction of the band having a Rf value of 
0.35—0.43 with CH2Cl2–MeOH (95:5, v/v) gave 20 (60.9 mg). 
Total yield of 20 was 1.07 g (91%). 20: mp 151.5—152.5°C. IR 
(KBr): 1636 cm–1. 1H-NMR (CDCl3) δ: 2.37 (1H, t, J=2.5 Hz), 
5.00 (2H, d, J=2.5 Hz), 7.14—7.54 (3H, m), 8.14—8.39 (1H, 
m), 10.00 (1H, s). MS m/z: 261 and 263 (M+, 79Br and 81Br). 
Anal. Calcd for C12H8BrNO: C, 54.98; H, 3.08; N, 5.34. Found: 
C, 54.82; H, 2.98; N, 5.47.

1-Allyl-2-bromoindole-3-carbaldehyde (21) from 12 — A 
solution of allyl bromide (108.0 mg, 0.89 mmol) in THF (2 mL) 
was added to a mixture of 12 (100.3 mg, 0.45 mmol), Bu4NBr 
(29.3 mg, 0.09 mmol), and K2CO3 (307.8 mg, 2.23 mmol) in 
THF (6 mL), and the mixture was stirred at rt for 1 h. After the 
same work-up as described in the preparation of 18, 115.3 mg 
(98%) of 21 was obtained. 21: mp 87—88°C (colorless prisms, 
recrystallized from CHCl3). IR (KBr): 1652 cm–1. 1H-NMR 
(CDCl3) δ: 4.90 (2H, ddd, J=5.0, 1.8, 1.2 Hz), 5.23 (1H, dt, 
J=17.0, 1.8 Hz), 5.26 (1H, dt, J=10.5, 1.2 Hz), 5.94 (1H, ddt, 
J=17.0, 10.5, 5.0 Hz), 7.26—7.33 (3H, m), 8.31—8.34 (1H, m), 
10.06 (1H, s). MS m/z: 263 and 265 (M+,79Br and 81Br). Anal. 
Calcd for C12H10BrNO·1/4H2O: C, 53.65; H, 3.94; N, 5.21. 
Found: C, 53.84; H, 3.73; N, 5.21.

(E, E)-2-Methyl-4-[3-(2-nitrovinyl) Indol-2-yl]-3-buten-2-ol 
(25) from 27 — NH4OAc (736.1 mg, 9.50 mmol) was added 
to a solution of 27 (435.7 mg, 1.90 mmol) in MeNO2 (26 mL) 
and the mixture was heated at 90°C for 4 h with stirring. Af-
ter cooling to rt, the resulting precipitates (16, 406.1 mg) were 
collected by filtration and washed with MeOH. The filtrate and 
washings were combined and H2O was added. The whole was 
extracted with CH2Cl2–MeOH (95:5, v/v). The organic layer 
was washed with brine, dried over Na2SO4, and evaporated 
under reduced pressure to leave a crystalline solid, which was 
column-chromatographed on SiO2 with CH2Cl2–MeOH (95:5, 
v/v) to give 25 (75.7 mg). Total yield of 25 was 481.8mg (93%). 
25: mp 246.5—247°C (decomp., red needles, recrystallized 
from MeOH). IR (KBr): 3250, 1578, 1360 cm–1. 1H NMR (pyr-
idine-d5) δ: 1.55 (6H, s), 7.02 (1H, d, J=16.0 Hz), 7.26—7.59 (4 
H, m), 7.85—8.05 (1H, m), 8.52 (1H, d, J=13.2 Hz), 8.77 (1H, d, 
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J=13.2 Hz). MS m/z: 272 (M+). Anal. Calcd for C15H16N2O3: 
C, 66.16; H, 5.92; N, 10.29. Found: C, 65.97; H, 5.89; N, 10.46.

(E)-2-Methyl-4-[3-(2-nitroethyl) indol-2-yl]-3-buten-2-ol 
(26) from 25 — NaBH4 (173.5 mg, 4.59 mmol) was added to 
a solution of 25 (206.0 mg, 0.76 mmol) in MeOH (30 mL) and 
the mixture was stirred at rt for 1 h. After addition of AcOEt, the 
whole was washed with brine, dried over Na2SO4, and evap-
orated under reduced pressure to leave an oil, which was col-
umn-chromatographed on SiO2 with AcOEt–hexane (1:1, v/v) 
to give 26 (199.5 mg, 96%). 26: mp 122.5—123°C (colorless 
prisms, recrystallized from benzene). IR (KBr): 3520, 3310, 
1554, 1380 cm–1. 1H-NMR (CD3OD) δ: 1.23 (6H, s), 3.48 
(2H, t, J=7.5 Hz), 4.62 (2H, t, J=7.5 Hz), 6.31 (1H, d, J=16.0 
Hz), 6.71 (1H, d, J=16.0 Hz), 6.83—7.52 (4H, m). MS m/z: 
274 (M+). Anal. Calcd for C15H18N2O3: C, 65.67; H, 6.61; N, 
10.21. Found: C, 65.89; H, 6.58; N, 10.23.

E-2-(3-Hydroxy-3-methyl-1-butenyl) indole-3-carbaldehyde 
(27) from 12 — General Procedure: A solution of 12 (405.4 mg, 
1.81 mmol), (3-hydroxy-3-methyl-1-butenyl) tributyltin (1.00 
g, 2.81 mmol), Pd (OAc)2 (42.3 mg, 0.19 mmol), and Bu4NCl 
(1.00 g, 3.61 mmol) in DMF (6 mL) was heated at 115—120°C 
for 3 h with stirring. After evaporation of the solvent under re-
duced pressure, brine was added, and the whole was extracted 
with AcOEt–MeOH (95:5, v/v). The organic layer was washed 
with brine, dried over Na2SO4, and evaporated under reduced 
pressure to leave an oil, which was column-chromatographed 
on SiO2 with AcOEt–hexane (2:1, v/v) to give 27 (362.1 mg, 
87%). 27: mp 194—195°C (colorless prisms, recrystallized from 
MeOH). IR (KBr): 3165, 2975, 1614 cm–1. 1H-NMR (CD3OD) 
δ: 1.47 (6H, s), 6.75 (1H, d, J=16.0 Hz), 7.02—7.48 (3H, m), 
7.20 (1H, d, J=16.0 Hz), 7.99—8.23 (1H, m), 10.18 (1H, s). MS 
m/z: 229 (M+). Anal. Calcd for C14H15NO2: C, 73.34; H, 6.59; 
N, 6.11. Found: C, 73.17; H, 6.60; N, 6.32.

Methyl (E)-3-(3-Formylindol-2-yl) acrylate (28) from 12 
— In the general procedure for 27, 12 (102.2 mg, 0.46 mmol), 
2-(methoxycarbonyl) vinyl tributyltin (254.2 mg, 0.68 mmol), 
Pd (OAc)2 (12.1 mg, 0.05 mmol), and Bu4NCl (248.6 mg, 0.90 
mmol) were used. After the same work-up as described in the 
preparation of 27, 70.2 mg (67%) of 28 was obtained. 28: mp 
261—262°C. IR (KBr): 3050, 1703, 1628 cm–1. 1H-NMR (pyr-
idine-d5) δ: 3.72 (3H, s), 6.95 (1H, d, J=16.0 Hz), 7.25—7.49 
(3H, m), 8.50 (1H, d, J=16.0 Hz), 8.59—8.77 (1H, m), 10.71 
(1H, s). The NH proton signal was not observed. MS m/z: 229 
(M+). Anal. Calcd for C13H11NO3: C, 68.11; H, 4.84; N, 6.11. 
Found: C, 67.89; H, 4.76; N, 6.04.

1-Phenylindole-3-carbaldehyde (29) from 12 — In the general 
procedure for 27, 12 (41.1 mg, 0.18 mmol), tetraphenyl tin (117.3 
mg, 0.27 mmol), Pd (OAc)2 (4.3 mg, 0.02 mmol), and Bu4NCl 
(97.7 mg, 0.35 mmol) were used. After the same work-up and 
column-chromatography as described in the preparation of 27, 
29 (27.7 mg, 68%) and 12 (3.9 mg, 10%) were obtained in the 
order of elution. 29: mp 260.5—263°C (colorless prisms, recrys-
tallized from MeOH). IR (KBr): 3120, 1628 cm–1. 1H-NMR 
(pyridine-d5) δ: 7.18—7.90 (8H, m), 8.53—8.91 (1H, m), 10.25 
(1H, s). MS m/z: 221 (M+). Anal. Calcd for C15H11NO: C, 
81.43; H, 5.01; N, 6.33. Found: C, 81.51; H, 4.92; N, 6.35.

2-(3-Pyridyl) indole-3-carbaldehyde (30) from 12 — In the 
general procedure for 27, 12 (103.1 mg, 0.46 mmol), (3-pyridyl) 
trimethyl tin (221.0 mg, 0.91 mmol), Pd (OAc)2 (9.7 mg, 0.04 
mmol), and Bu4NCl (261.3 mg, 0.94 mmol) were used. After the 
same work-up and column-chromatography as described in the 
preparation of 27, 30 (39.1 mg, 38%), 31 (10.9 mg, 15%), and 
indole-3-carbaldehyde (5.5 mg, 8%) were obtained in the order 
of elution. 30: mp 246—246.5°C (colorless needles, recrystal-
lized from MeOH). IR (KBr): 3430, 3130, 1628 cm–1. 1H-NMR 
(pyridine-d5) δ: 7.28—7.70 (4H, m), 8.14 (1H, ddd, J=8.0, 2.2, 
1.8 Hz), 8.75—8.96 (2H, m), 9.27 (1H, dd, J=2.2, 0.8 Hz), 10.41 
(1H, s). MS m/z: 222 (M+). Anal. Calcd for C14H10N2O: C, 
75.65; H, 4.54; N, 12.61. Found: C, 75.48; H, 4.77; N, 12.50.

2-Methylindole-3-carbaldehyde (31) from 12 — In the gener-
al procedure for 27, 12 (467.8 mg, 2.09 mmol), tetramethyl tin 
(562.2 mg, 3.12 mmol), Pd (OAc)2 (42.7 mg, 0.19 mmol), and 
Bu4NCl (1.34 g, 4.84 mmol) were used. After the same work-up 
and column-chromatography as described in the preparation of 
27, 31 (130.0 mg, 39%) and indole-3-carbaldehyde (18.1 mg, 
6%) were obtained in the order of elution. 31: mp 204—205°C 
(colorless needles, recrystallized from MeOH). IR (KBr): 3250, 
1635 cm–1. 1H-NMR (CD3OD) δ: 2.63 (3H, s), 6.89—7.39 
(3H, m), 7.79—8.12 (1H, m), 9.82 (1H, s). MS m/z: 159 (M+). 
Anal. Calcd for C10H9NO: C, 75.45; H, 5.70; N, 8.80. Found: 
C, 75.50; H, 5.62; N, 8.82.

2-(2-Pyridyl) indole-3-carbaldehyde (32) from 12 — In the 
general procedure for 27, 12 (100.5 mg, 0.45 mmol), (2-pyridyl) 
trimethyl tin (1.07 g, 4.43 mmol), Pd (OAc)2 (10.9 mg, 0.05 
mmol), and Bu4NCl (246.1 mg, 0.89 mmol) were used. After 
the same work-up and column-chromatography as described in 
the preparation of 27, unreacted 12 (21.4 mg, 21%), 32 (5.0 mg, 
5%), 31 (0.5 mg, 1%), and indole-3-carbaldehyde (2.4 mg, 4%) 
were obtained in the order of elution. 32: mp 225.5—226.5°C 
(colorless needles, recrystallized from MeOH). IR (KBr): 3060, 
1619 cm–1. 1H-NMR (pyridine-d5) δ: 7.12—7.70 (4H, m), 7.75 
(1H, dd, J=7.5, 2.0 Hz), 8.70 (1H, dt, J=8.0, 1.0 Hz), 8.65—
8.78 (1H, m), 8.78—8.98 (1H, m), 11.04 (1H, s). MS m/z: 222 
(M+). Anal. Calcd for C14H10N2O: C, 75.65; H, 4.54; N, 12.61. 
Found: C, 75.42; H, 4.38; N, 12.83.

1-Hydroxy-6-nitroindole-3-carbaldehyde (38) from 1-Me-
thoxy-6-nitroindole-3-carbaldehyde (39)
•	 Method A: The formation of 38 in 90% yield by the reaction 

of 39 with DABCO was reported in the preceding paper.
•	 Method B: A solution of KI (960.0 mg, 5.78 mmol) in H2O 

(1 mL) was added to a solution of 39 (32.8 mg, 0.15 mmol) 
in DMF (3 mL), and the mixture was heated at 120°C for 
36 h with stirring. After evaporation of the solvent under re-
duced pressure, AcOEt was added to the residue. The same 
work-up of the organic layer as described in the Method A 
for 38, gave unreacted 39 (7.3 mg, 22%), 37 (1.1 mg, 4%), 
and 38 (17.9 mg, 58%) in the order of elution. 38 is identical 
with the authentic sample.

1-Bromo-6-nitroindole-3-carbaldehyde (40) from 38 — 
POBr3 (529.4 mg, 1.85 mmol) was added to a solution of 38 
(60.9 mg, 0.30 mmol) in anhydrous THF (4 mL) and the mixture 
was stirred at rt for 5 h. After evaporation of the solvent, H2O was 
added to the residue, and the whole was extracted with CHCl3–
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MeOH (95:5, v/v). The organic layer was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave an oil, which was column-chromatographed on SiO2 with 
AcOEt–hexane (1:1, v/v) to give 40 (65.3 mg, 82%) and 37 (6.2 
mg, 11%) in the order of elution. 40: mp 296—298°C (decomp., 
colorless prisms, recrystallized from AcOEt). IR (KBr): 1631 
cm–1. 1H-NMR (DMSO-d6) δ: 8.12 (1H, dd, J=8.8, 1.6 Hz), 
8.24 (1H, d, J=8.8 Hz), 8.27 (1H, d, J=1.6 Hz), 9.95 (1H, s). The 
proton at the 1-position did not appear. MS m/z: 268 and 270 
(M+, 79Br and 81Br). Anal. Calcd for C9H5BrN2O3: C, 40.18; 
H, 1.87; N, 10.41. Found: C, 40.16; H, 1.93; N, 10.47.

6-Dibromoindol-3-ylmethanol (36) from 35 — NaBH4 (150.0 
mg, 3.95 mmol) was added to a solution of 35 (65.2 mg, 0.22 
mmol) in MeOH (10 mL), and the mixture was stirred at rt for 1 
h. After evaporation of the solvent under reduced pressure, AcO-
Et was added to the residue. The whole was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave an oil, which was column-chromatographed on SiO2 with 
CHCl3–MeOH (95:5, v/v) to give 36 (44.2 mg, 67%). 36: col-
orless oil. IR (film): 3398, 3213, 1614 cm–1. 1H-NMR (CDCl3) 
δ: 1.48 (1H, br s), 4.80 (2H, s), 7.26 (1H, dd, J=8.5, 1.7 Hz), 
7.43 (1H, d, J=1.7 Hz), 7.55 (1H, d, J=8.5 Hz), 8.18 (1H, br s). 
High-resolution MS m/z: Calcd for C9H779Br2NO: 302.8895. 
Found: 302.8915. Calcd for C9H779Br81BrNO: 304.8874. 
Found: 304.8852. Calcd for C9H781Br2NO: 306.8854. Found: 
306.8829.

1-(2-Methyl-1-propenyl)-1,2,3,4-tetrahydro-β-carboline (44) 
from 26 — A solution of 26 (174.9 mg, 0.64 mmol) in THF 
(19.5 mL) was added to a mixture of Zn powder (897.2 mg, 13.7 
mmol) [washed with 6% HCl (4 mL)] in 6% HCl (6.5 mL) at 
0°C and the mixture was refluxed for 5 min with stirring. Un-
reacted Zn was filtered off and the filtrate was evaporated under 
reduced pressure. The residue was made basic by adding 8% 
aqueous NaOH and the whole was extracted with CH2Cl2–
MeOH (95:5, v/v). The organic layer was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave an oil, which was column-chromatographed on SiO2 with 
CHCl3–MeOH–28% aq. NH3 (46:2:0.2, v/v) to give 44 (22.5 
mg, 50%). 44: mp 160—161°C (colorless prisms, recrystallized 
from CH2Cl2, lit., [10] mp 158—159°C). IR (KBr): 3400, 1092 
cm–1. 1H-NMR (CDCl3) δ: 1.82 (3H, d, J=1.2 Hz), 1.88 (3H, d, 
J=1.2 Hz), 2.65—2.89 (2H, m), 2.89—3.55 (2H, m), 4.83 (1H, 
br d, J=9.5 Hz), 5.26 (1H, dt, J=9.5, 1.2 Hz), 6.92—7.33 (3H, 
m), 7.33—7.53 (1H, m), 7.64 (1H, br s). MS m/z: 226 (M+). 
Anal. Calcd for C15H18N2·1/4H2O: C, 78.05; H, 8.07; N, 
12.13. Found: C, 78.47; H, 8.09; N, 11.84.

2-Methoxycarbonyl-1-(2-methyl-1-propenyl)-1,2,3,4-tetra-
hydro-β-carboline (45) from 44 — A solution of ClCO2Me 
(38.6 mg, 0.41 mmol) in CH2Cl2 (1 mL) was added to a solution 
of 44 (54.0 mg, 0.24 mmol) and Et3N (80.0 mg, 0.79 mmol) in 
CH2Cl2 (3 mL) and the mixture was stirred at rt for 2 h. Sat-
urated NaHCO3 was added and the whole was extracted with 
CH2Cl2–MeOH (95:5, v/v). The organic layer was washed with 
brine, dried over Na2SO4, and evaporated under reduced pres-
sure to leave an oil, which was recrystallized from MeOH to 
give 45 (47.5 mg) as colorless prisms. The mother liquor was 
subjected to p-TLC on SiO2 with CH2Cl2–MeOH (95:5, v/v) as 
a developing solvent. Extraction from the band having a Rf val-

ue of 0.93—1.00 with CH2Cl2–MeOH (95:5, v/v) gave 45 (10.3 
mg). Total yield of 45 was 58.7 mg (85%). 45: mp 186—189°C 
(lit., [74] mp 180—181°C). IR (KBr): 3400, 3040, 1092 cm–1. 
1H NMR (CDCl3) δ: 1.77 (3H, d, J=1.4 Hz), 1.98 (3H, d, J=1.4 
Hz), 2.64—2.88 (2H, m), 2.88—3.37 (1H, m), 3.73 (3H, s), 4.39 
(1H, d, J=12.5 Hz), 5.30 (1H, d, J=10.0 Hz), 5.88 (1H, d, J=10.0 
Hz), 6.91—7.32 (3H, m), 7.36—7.52 (1H, m), 7.59 (1H, br s). 
High-resolution MS m/z: Calcd for C17H20N2O2: 284.1524. 
Found: 284.1526.

Borrerine (46) from 45 — LiAlH4 (98.6 mg, 2.60 mmol) was 
added to a solution of 45 (46.3 mg, 0.16 mmol) in THF (8 mL) at 
0°C and the mixture was refluxed for 5 h with stirring. After ad-
dition of MeOH and 10% aqueous Rochelle salt under ice cool-
ing, the whole was extracted with CH2Cl2–MeOH (95:5, v/v). 
The organic layer was washed with brine, dried over Na2SO4, 
and evaporated under reduced pressure to leave an oil, which 
was subjected to p-TLC on SiO2 with CHCl3–MeOH–28% aq. 
NH3 (46:5:0.5, v/v) as a developing solvent. Extraction from the 
band having a Rf value of 0.74—0.90 with CHCl3–MeOH–28% 
aq. NH3 (46:5:0.5, v/v) gave 46 (28.2 mg, 70%). 46: mp 105—
106°C (colorless prisms, recrystallized from hexane, lit. [10] 
mp 102—103°C). IR (KBr): 3200 cm–1. 1H-NMR (CDCl3) 
δ: 1.86 (3H, d, J=1.2 Hz), 1.88 (3H, d, J=1.2 Hz), 2.48—3.29 
(4H, m), 4.05 (1H, dt, J=9.5, 1.2 Hz), 5.18 (1H, br d, J=9.5 Hz), 
6.92—7.34 (3H, m), 7.34—7.63 (2H, m). High-resolution MS 
m/z: Calcd for C16H20N2: 240.1625. Found: 240.1630.

Vulcanine (47) from 44 — A solution of t-BuOCl (42.4 mg, 0.39 
mmol) in THF (1 mL) was added to a suspension of 44 (37.0 mg, 
0.16 mmol) and powdered NaOH (32.1 mg, 0.80 mmol) in THF 
(4 mL) and the mixture was stirred at rt for 64 h. H2O was added 
and the whole was extracted with AcOEt. The organic layer was 
washed with brine, dried over Na2SO4, and evaporated under 
reduced pressure to leave an oil, which was subjected to p-TLC 
on SiO2 with AcOEt–hexane (1:1, v/v) as a developing solvent. 
Extraction from the band having a Rf value of 0.47—0.65 with 
AcOEt gave 47 (18.5 mg, 51%). 47: pale yellow oil. IR (CHCl3): 
1645, 1623, 1567, 1492, 1452, 1420, 1380, 1316, 1235 cm–1. 
1H-NMR (CDCl3) δ: 2.00 (3H, d, J=1.2 Hz), 2.01 (3H, d, J=1.2 
Hz), 6.60 (1H, t, J=1.2 Hz), 7.28 (1H, ddd, J=8.1, 6.4, 1.7 Hz), 
7.51 (1H, ddd, J=8.1, 1.7, 1.0 Hz), 7.53 (1H, ddd, J=8.1, 6.4, 
1.0 Hz), 7.82 (1H, d, J=5.4 Hz), 8.11 (1H, d, J=8.1 Hz), 8.46 
(1H, d, J=5.4 Hz), 8.57 (1H, br s, disappeared on addition of 
D2O). 13C-NMR (CDCl3) δ: 20.5, 26.7, 111.9, 113.0, 119.0, 
120.3, 121.6, 121.8, 128.8, 129.5, 134.0, 136.8, 140.7, 140.8, 
143.8. UV λmax (MeOH) nm (log s): 214 (4.36), 239 (4.49), 260 
(sh, 4.23), 292 (4.14), 356 (3.79). MS m/z: 222 (M+), 207, 182, 
103. High-resolution MS m/z: Calcd for C15H14N2: 222.1157. 
Found: 222.1154. 47·HCl: mp 189—192°C (yellow needles, re-
crystallized from Et2O–MeOH, lit., [75] mp 103°C). IR (KBr): 
3340, 1640, 1599, 1442, 761 cm–1. 1H-NMR (CD3OD) δ: 1.93 
(3H, d, J=1.2 Hz), 2.22 (3H, d, J=1.2 Hz), 6.74 (1H, t, J=1.2 
Hz), 7.47 (1H, ddd, J=8.1, 6.8, 1.0 Hz), 7.76 (1H, dt, J=8.3, 1.0 
Hz), 7.80 (1H, ddd, J=8.3, 6.8, 1.0 Hz), 8.35 (1H, d, J=6.4 Hz), 
8.41 (1H, dt, J=8.1, 1.0 Hz), 8.55 (1H, d, J=6.4 Hz). 13C-NMR 
(CD3OD) δ: 20.9, 26.6, 113.9, 114.2, 116.6, 121.5, 123.0, 124.1, 
129.5, 133.1, 134.8, 135.2, 137.4, 145.4, 152.5. Anal. Calcd for 
C15H14N2·HCl·1/4H2O: C, 68.44; H, 5.93; N, 10.64. Found: 
C, 68.51; H, 5.83; N, 10.68.
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Synthesis of Candidates for Osteoporosis; Tryptophan and 
Tryptamine Derivatives (Scheme 6) Synthesis of (S)-(+)-N-
acetyl-2,4,6-tribromo-5-methoxytryptophan Methyl Ester 
(68) from (S)-(+)- N-acetyl-5-Methoxy Tryptophan Methyl 
Ester (67) — To a solution of (S)-(+)-N-acetyl-5-methoxy- tryp-
tophan methyl ester (67)[84] (56.6 mg, 0.20 mmol) in 4.5 mL 
of AcOH was added a solution of Br2 (1.0 mL, 0.59 mmol), 
separately prepared by dissolving 458.0 mg of Br2 and 41.8 mg 
of NaOAc in 5.0 mL of AcOH, and the mixture was stirred at 
room temperature for 30 min. After the addition of 10% aqueous 
Na2S2O2, the mixture was made alkaline by adding 40% aque-
ous NaOH under ice cooling and extracted with CHCl3–MeOH 
(95:5, v/v). The extract was washed with brine, dried over Na-
2SO4, and evaporated under reduced pressure to leave a yel-
low solid, which was column-chromatographed on SiO2 with 
CHCl3–MeOH (99.5:0.5, v/v) to give an inseparable 1:2 mix-
ture (28.4 mg) of (S)-(+)-N-acetyl- 2,6-dibromo- and (S)-(+)-N-
acetyl-2,4,7-tribromo--5-methoxytryptophan methyl ester, and 
68 (53.7 mg, 52%) in the order of elution. 68: mp 198–199°C 
(colorless granules, recrystallized from AcOEt). IR (KBr): 3307, 
1730, 1647, 1556, 1300, 1232, 1028 cm-1. 1H-NMR (CDCl3) δ: 
1.88 (3H, s), 3.29 (1H, dd, J = 9.8, 14.6 Hz), 3.58 (1H, dd, J = 
5.2, 14.6 Hz), 3.77 (3H, s), 3.88 (3H, s), 5.01 (1H, ddd, J = 5.2, 
8.6, 9.8 Hz, changed to dd, J = 5.2, 9.8 Hz on addition of D2O), 
6.17 (1H, br d, J = 8.6 Hz, disappeared on addition of D2O), 
7.37 (1H, s), 8.70 (1H, br s, disappeared on addition of D2O). 
MS m/z: 530 (M+), 528 (M+), 526 (M+), 524 (M+). Anal. Cal-
cd for C15H15Br3N2O4: C, 34.19; H, 2.87; N, 5.32. Found: C, 

34.24; H, 2.89; N, 5.18. Optical Rotation [α] 26 +14.8° (DMSO, 
c 0.200). [α] 27 +1.47° (MeOH, c 0.204). [α] 28 +4.4° (CHCl3, 
c 0.203).

Synthesis of (S)-(+)-N-acetyl-1-allyl-2,4,6-tribromo-5-me-
thoxytryptophan Methyl Ester (69a) from 68 — To a solution 
of 68 (39.8 mg, 0.08 mmol) in N, N-dimethylformamide (DMF, 
2.5 mL) was added K2CO3 (36.5 mg, 0.26 mmol) and allyl bro-
mide (0.13 mL, d = 1.398, 1.51 mmol). After stirring at room 
temperature for 30 min, water was added to the reaction mixture. 
The whole was extracted with AcOEt. The extract was washed 
with brine, dried over Na2SO4, and evaporated under reduced 
pressure to leave a yellow oil. Purification by column-chroma-
tography on SiO2 with CHCl3 to give 69a (42.4 mg, 99%). 69a: 
mp 191–192°C (colorless needles, recrystallized from AcOEt). 
IR (KBr): 3303, 1732, 1645, 1547, 1228, 1016 cm-1. 1H-NMR 
(CDCl3) δ: 1.86 (3H, s), 3.34 (1H, dd, J = 9.8, 14.7 Hz), 3.62 
(1H, dd, J = 5.4, 14.7 Hz), 3.74 (3H, s), 3.89 (3H, s), 4.75 (2H, 
m), 4.83 (1H, d, J = 17.1 Hz), 5.01 (1H, ddd, J = 5.4, 8.7, 9.8 Hz, 
changed to dd, J = 5.4, 9.8 Hz on addition of D2O), 5.19 (1H, d, 
J = 10.3 Hz), 5.86 (1H, tdd, J = 4.8, 10.3, 17.1 Hz), 6.12 (1H, br 
d, J = 8.7 Hz, disappeared on addition of D2O), 7.41 (1H, s). MS 
m/z: 570 (M+), 568 (M+), 566 (M+), 564 (M+). Anal. Calcd for 
C18H19Br3N2O4: C, 38.12; H, 3.38; N, 4.94.

Found: C, 37.97; H, 3.43; N, 4.86. Optical Rotation [α] 26 
+13.8° (CHCl, c 0.203).

Scheme 6 Synthesis of Candidates of Osteoporosis

Synthesis of (S)-(+)-N-acetyl-2,4,6-tribromo-5-methoxy-1-
propargyltryptophan Methyl Ester (69b) from 68 — To a 
solution of 68 (23.6 mg, 0.04 mmol) in DMF (2.0 mL) was added 
K2CO3 (21.6 mg, 0.16 mmol) and propargyl bromide (0.08 
mL, d = 1.335, 0.9 mmol). After stirring at room temperature 
for 30 min, water was added to the reaction mixture. The whole 
was extracted with AcOEt. The extract waswashed with brine, 
dried over Na2SO4, and evaporated under reduced pressure 
to leave a pink oil. Purification by column-chromatography 
on SiO2 with CHCl3 to give 69b (23.9 mg, 94%). 69b: mp 
284–285°C (decomp., measured with a sealed tube, colorless 
needles, recrystallized from CHCl3–MeOH). IR (KBr): 3284, 
3224, 2114, 1724, 1647, 1552, 1230, 1016 cm-1. 1H-NMR 
(DMSO-d6) δ: 1.82 (3H, s), 3.28 (1H, dd, J = 7.1, 14.9 Hz), 3.33 
(1H, dd, J = 8.7, 14.9 Hz), 3.33 (1H, t, J = 2.4 Hz), 3.48 (3H, 

s), 3.80 (3H, s), 4.47 (1H, ddd, J = 7.1, 7.1, 8.7 Hz, changed to 
dd, J = 7.1, 8.7 Hz on addition of D2O), 5.13 (2H, dt, J = 2.4, 
4.2 Hz), 8.02 (1H, s), 8.44 (1H, br d, J = 7.1 Hz, disappeared on 
addition of D2O). MS m/z: 568 (M+), 566 (M+), 564 (M+), 562 
(M+). Anal. Calcd for C18H17Br3N2O4: C, 38.26; H, 3.03; N, 
4.96. Found: C, 38.11; H, 3.12; N, 4.83. Optical Rotation [α]D24 
+7.7° (DMSO, c 0.202).

Synthesis of (S)-(+)-N-acetyl-1-benzyl-2,4,6-tribromo-5-me-
thoxytryptophan methyl ester (69c) from 68 — To a solution 
of 68 (19.6 mg, 0.04 mmol) in DMF (1.5 mL) was added K2CO3 
(18.0 mg, 0.13 mmol) and benzyl bromide (0.09 mL, d = 1.44, 
0.7 mmol). After stirring at room temperature for 30 min, water 
was added to the reaction mixture. The whole was extracted with 
AcOEt–MeOH (95:5, v/v). The extract was washed with brine, 
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dried over Na2SO4, and evaporated under reduced pressure to 
leave a yellow oil. Preparative thin-layer chromatography was 
performed on SiO2 with CHCl3–MeOH (99:1, v/v) as a devel-
oping solvent. Extraction of the band having a Rf value of 0.18 
to 0.29 with CHCl3–MeOH (95:5, v/v) afforded 69c (22.0 mg, 
96%). 69c: mp 226–227°C (colorless needles, recrystallized 
from. MeOH). IR (KBr): 3298, 1732, 1643, 1550, 1414, 1230, 
1018 cm-1. 1H-NMR (DMSO-d6) δ: 1.80 (3H, s), 3.28 (1H, dd, 
J = 7.1, 14.4 Hz), 3.40 (1H, dd, J = 8.5, 14.7 Hz, appeared on 
addition of D2O), 3.47 (3H, s), 3.79 (3H, s), 4.55 (1H, ddd, J = 
7.1, 7.1, 8.5 Hz, changed to dd, J = 7.1, 8.5 Hz on addition of 
D2O), 5.53 (2H, s), 6.96 (2H, d, J = 7.1 Hz), 7.25 (1H, t, J = 7.1 
Hz), 7.31 (2H, t, J = 7.1 Hz), 7.90 (1H, s) 8.45 (1H, d, J = 7.1 
Hz, disappeared on addition of D2O). MS m/z: 620 (M+), 618 
(M+), 616 (M+), 614 (M+). Anal. Calcd for C22H21Br3N2O4: 
C, 42.82; H, 3.43; N, 4.54. Found: C, 42.69; H, 3.47; N, 4.56. 
Optical Rotation [α]D24 +8.3° (CHCl3, c 0.204)

Melatonin (70) from Nb-acetyl-1-hydroxytryptamine (60) — 
50% (MeOH)2·BF3 (15.0 mL) was added to a solution of 60 
(150.0 mg, 0.688 mmol) in MeOH (10.0 mL) under ice cool-
ing, and the mixture was refluxed for 30 min with stirring. After 
evaporation of the solvent, the whole was made neutral by add-
ing 8% NaOH under ice cooling and extracted with CH2Cl2–
MeOH (95:5, v/v). The extract was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
an oil, which was column-chromatographed on SiO2 with CH-
2Cl2–MeOH (98:2, v/v) to give 70 (121.6 mg, 72%). 70 was 
identical with commercially available authentic sample in every 
spectral data.

2,4,6-Tribromomelatonin (71) from Melatonin (70) — A 0.56 
M solution of Br2 in AcOH (containing 1 mmol of NaOAc, 3.30 
mL, 1.85 mmol) was added to a solution of 70 (144.5 mg, 0.62 
mmol) in AcOH (12 mL), and the mixture was stirred at rt for 
1.5 h. After the addition of Na2S2O3 (1.0 mL) and H2O, the 
mixture was made basic with 40% NaOH under ice cooling 
and extracted with CHCl3–MeOH (95:5, v/v). The extract was 
washed with brine, dried over Na2SO4, and evaporated under 
reduced pressure to leave an oil, which was column-chroma-
tographed on SiO2 with AcOEt–MeOH (99:1, v/v) to give 71 
(272.2 mg, 94%). 71: mp >300 °C (decomp., colorless powder, 
recrystallized from MeOH). IR (KBr): 3371, 3370, 1653, 1543, 
1446, 1406, 1306, 1022 cm-1. 1H-NMR (CDCl3) δ: 1.78 (3H, 
s), 2.97 (2H, t, J=7.3 Hz), 3.25 (2H, q, J=7.3 Hz), 3.77 (3H, s), 
7.52 (1H, s), 7.89 (1H, br t, J=5.6 Hz, disappeared on addition 
of D2O), 12.15 (1H, br t, J=7.3 Hz, disappeared on addition of 
D2O). Anal. Calcd for C13H13Br3N2O2: C, 33.29; H, 2.79; N, 
5.97. Found: C, 33.27; H, 2.82; N, 5.85.

1-Allyl-2,4,6-tribromomelatonin (72a) from 2,4,6-tribro-
momelatonin (71) — General procedure. K2CO3 (31.1mg, 0.22 
mmol) was added to a solution of 71 (30.2 mg, 0.064 mmol) in 
DMF (2.0 mL), and the mixture was stirred at rt for 1.5 h. To the 
resultant mixture, allyl bromide (0.11 mL, 1.28 mmol) was add-
ed and stirred at rt for 1.5 h. After the addition of H2O, the mix-
ture was extracted with AcOEt–MeOH (95:5, v/v). The extract 
was washed with brine, dried over Na2SO4, and evaporated 
under reduced pressure to leave an oil, which was column-chro-
matographed on SiO2 with AcOEt to give 72a (31.0 mg, 95%). 
72a: mp 142–143 °C (colorless fine needles, recrystallized from 

AcOEt–hexane). IR (KBr): 3284, 1633, 1562, 1456, 1412, 1298, 
1018 cm-1. 1H-NMR (CDCl3) δ: 1.93 (3H, s), 3.24 (2H, t, J=6.6 
Hz), 3.58 (2H, q, J=6.6 Hz), 3.89 (3H, s), 4.76 (2H, dt, J=4.9, 1.7 
Hz), 4.89 (1H, d, J=16.6 Hz), 5.20 (1H, d, J=10.3 Hz), 5.55 (1H, 
br t, disappeared on addition of D2O), 5.87 (1H, ddt, J=16.6, 
10.3, 4.9 Hz), 7.4 (1H, s). Anal. Calcd for C16H17Br3N2O2: C, 
37.75; H, 3.37; N, 5.50. Found: C, 37.75; H, 3.37; N, 5.42.

1-Propargyl-2,4,6-tribromomelatonin (72b) from 
2,4,6-tribromomelatonin (71) — In the general procedure for 
the preparation of 72a, K2CO3 (31.9mg, 0.22 mmol), 71 (30.1 
mg, 0.064mmol), and propargyl chloride (0.09 mL, 1.28 mmol) 
were used. After work–up, 31.6 mg (97%) of 72b was obtained. 
72b: mp 199–200 °C (colorless fine needles, recrystallized from 
AcOEt–hexane). IR (KBr): 3286, 2117, 1628, 1558, 1456, 1435, 
1410, 1294, 1018 cm-1. 1H-NMR (CDCl3) δ: 1.93 (3H, s), 2.34 
(1H, t, J=2.4 Hz), 3.23 (2H, t, J=6.6 Hz), 3.58 (2H, q, J=6.6 Hz), 
3.89 (3H, s), 4.91 (2H, d, J=2.4 Hz), 5.54 (1H, br t, J=6.6 Hz, 
disappeared on addition of D2O), 7.58 (1H, s). Anal. Calcd for 
C13H15Br3N2O2: C, 37.90; H, 2.98; N, 5.53. Found: C, 37.78; 
H, 3.00; N, 5.44.

1-Benzyl-2,4,6-tribromomelatonin (72c) from 2,4,6-tribro-
momelatonin (71) — In the general procedure for the prepara-
tion of 74a, K2CO3 (31.8mg, 0.30 mmol), 71 (40.1 mg, 0.086 
mmol), and benzyl bromide (0.20 mL, 1.72 mmol) were used. 
After work–up, 40.3 mg (83%) of 72c was obtained. 72c: mp 
218–219 °C (colorless fine needles, recrystallized from MeOH). 
IR (KBr): 3280, 1630, 1547, 1454, 1414, 1360, 1298, 1014 cm-
1. 1H-NMR (CDCl3) δ: 1.91 (3H, s), 3.26 (2H, t, J=6.6 Hz), 
3.61 (2H, td, J=12.7, 6.6 Hz), 3.88 (3H, s), 5.36 (2H, s), 5.54 
(1H, br t, J=6.6 Hz, disappeared on addition of D2O), 7.01 (2H, 
d, J=6.6 Hz), 7.27-7.33 (3H, m), 7.39 (1H, s). Anal. Calcd for 
C20H19Br3N2O2: C, 42.97; H, 3.43; N, 5.01. Found: C, 42.76; 
H, 3.40; N, 4.86.

Candidates for Curing Osteoporosis
We subjected 1-substituted 2,4,6-tribromotryptophan derivatives 
(69a-c) and -melatonin derivatives (72a-c) to the gills assay test 
(synthesis of chemicals is reported in Scheme 6). Happily, we 
discovered that 69c as a strong activator for osteoblast and sup-
pressor for osteoclast. The compound 72c was also discovered to 
be strong promotor of osteoblasts and suppressor for osteoclasts. 
The test compounds were synthesized as shown in Scheme 6. 
In the acute toxicity test of 1-benzyl- 2,4,6-tribromomelatonin 
(69c), according to the OECD (Europe) guidelines, 2 g per 1 
kg of rat body weight was administered, and after 2 weeks of 
breeding, toxicity was not observed. Furthermore, no toxicity 
was observed in a mutagenicity test in which rats were adminis-
tered 2 g per kg of body weight and evaluated after feeding for 
2 weeks according to the OECD guidelines. Addition of S-9 mix 
(rat liver homogenate) did not change [57, 58].

Therefore, we were able to discover compounds 69c and 72c 
as potential therapeutic candidate compounds [42, 43, 57, 58]. 
Even now, no effective therapeutic agent for osteoporosis that 
has an osteoblast-activating action is known. Combined use 
of 69c and 72c with VED #1 can not only treat osteoporosis, 
fractures, arthralgia, and dental treatment in humans, but also 
improve the bone metabolism of shrimp, shellfish, goldfish, ‘Ni-
shikigoi’, farming, poultry, birds, and animals. It opens up the 



 

www.mkscienceset.com Wor Jour of Molecu Medicine 2025Page No: 62

possibility of treating osteoporosis caused by aging in humans 
and guaranteeing a healthy life.

As noted previously in the safety test of VED #1, ‘medaka’ a 
kind of fish grew for 2 years and 6 months without any prob-
lems, and the body length became more than doubled [40]. From 
these results, we believe that mixing VED with fish feed and 
breeding them will contribute to the improvement of production 
in the fishery and aquaculture industries.

It is predicted that by the 2030, the aging of the population will 
progress worldwide and become a social problem in countries 
around the world. In an aging society, the number of osteopo-
rosis patients is rapidly increasing. We can provide society with 
these compounds that have the potential to cure osteoporosis.

Synthesis of VED #1 and Related 1-hydroxy Tryptamines 
(Scheme 5)
Nb-Propionyl Tryptamine (57a) from Tryptamine — Et3N (1.89 
mL, 13.6 mmol) and ClCO2Me (1.05 mL, 1.36 mmol) were add-
ed to a solution of propionic acid (913 mg, 12.3 mmol) in anhy-
drous CHCl3 (30 mL) and the mixture was stirred at 0 °C for 30 
min. To the resulting mixture, tryptamine (2.17 g, 13.6 mmol) 
was added and the mixture was stirred at rt for 30 min. After 
addition of H2O the whole was extracted with CHCl3–MeOH 
(95:5, v/v). The extract was washed with brine, dried over Na-
2SO4, and evaporated under reduced pressure to leave a residue, 
which was column-chromatographed on SiO2 with AcOEt–hex-
ane (1:1, v/v) to give 57a (2.51g, 94%). 57a: mp 88–89 °C (col-
orless fine needles, recrystallized from Et2O). IR (KBr): 3377, 
1635, 1563, 1453, 1368, 1250 cm-1. 1H-NMR (CDCl3) δ: 1.11 
(3H, t, J=7.0 Hz), 2.14 (2H, q, J=7.6 Hz), 2.98 (2H, dt, J=6.6, 0.7 
Hz), 3.61 (2H, q, J=6.6 Hz), 5.50 (1H, br s), 7.04 (1H, d, J=2.2 
Hz), 7.13 (1H, ddd, J=7.8, 7.1, 1.0 Hz), 7.21 (1H, ddd, J=7.8, 
7.1, 1.2 Hz) 7.37 (1H, dt, J=7.8, 1.0 Hz), 7.61 (1H, ddd, J=7.8, 
1.2, 0.7 Hz), 8.09 (1H, br s). MS m/z: 216 (M+). Anal. Calcd. 
For C13H16N2O·1/8H2O: C, 71.45; H, 7.50; N, 12.82. Found: 
C, 71.77; H, 7.34; N, 12.52.

Nb-Valeryl Tryptamine (57b) from Tryptamine — Et3N 
(1.57 mL, 11.3 mmol) and ClCO2Me (0.87 mL, 11.3 mmol) were 
added to a solution of valeric acid (1.05 g, 10.3 mmol) in anhy-
drous CHCl3 (30 mL) and the mixture was stirred at 0 °C for 30 
min. To the resulting mixture, tryptamine (1.81 g, 11.3 mmol) was 
added and the mixture was stirred at rt for 30 min. After addi-
tion of H2O the whole was extracted with CHCl3–MeOH (95:5, 
v/v). The extract was washed with brine, dried over Na2SO4, and 
evaporated under reduced pressure to leave a residue, which was 
column-chromatographed on SiO2 with AcOEt–hexane (2:3, v/v) 
to give 57b (2.29g, 91%). 57b: mp 93–94 °C (colorless powder, 
recrystallized from AcOEt–hexane). IR (KBr): 3377, 3237, 2927, 
1630, 1561, 1450 cm-1. 1H-NMR (CDCl3) δ: 0.88 (3H, t, J=7.3 
Hz), 1.26–1.34 (2H, m), 1.53–1.60 (2H, m), 2.11 (2H, t, J=7.5 
Hz), 2.98 (2H, t, J=6.6 Hz), 3.61 (2H, q, J=6.6 Hz), 5.56 (1H, br 
s), 7.04 (1H, s), 7.13 (1H, ddd, J=7.9, 7.0, 0.9 Hz), 7.22 (1H, ddd, 
J=7.9,7.0, 0.9 Hz), 7.38 (1H, dt, J=7.9 Hz), 7.61 (1H, d, J=7.9 Hz), 
8.09 (1H, br s). Anal. Calcd. For C15H20N2O: C, 73.73; H, 8.25; 
N, 11.47. Found: C, 73.48; H, 8.23; N, 11.42.

Nb-Heptanoyl tryptamine (57c) from Tryptamine — Et3N 
(1.19 mL, 8.58 mmol) and ClCO2Me (0.66 mL, 8.58 mmol) 

were added to a solution of heptanoic acid (1.01 g, 7.80 mmol) 
in anhydrous CHCl3 (30 mL) and the mixture was stirred at 0 
°C for 30 min. To the resulting mixture, tryptamine (1.37 g, 8.58 
mmol) was added and the mixture was stirred at rt for 30 min. 
After addition of H2O the whole was extracted with CHCl3–
MeOH (95:5, v/v). The extract was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
a residue, which was column-chromatographed on SiO2 with 
CHCl3 to give 57c (2.02 g, 95%). 57c: mp 97–98 °C (colorless 
powder, recrystallized from AcOEt–hexane). IR (KBr): 3410, 
1632, 1565, 1457, 1425 cm-1. 1H-NMR (CDCl3) δ: 0.87 (3H, t, 
J=7.3 Hz), 1.21–1.31 (6H, m), 1.57 (2H, quint, J=7.5 Hz), 2.10 
(2H, t, J=7.5 Hz), 2.98 (2H, t, J=6.6 Hz), 3.61 (2H, q, J =6.6 
Hz), 5.52 (1H, br s), 7.04 (1H, d, J=2.2 Hz), 7.13 (1H, ddd, J= 
8.1, 7.0, 1.0 Hz), 7.22 (1H, ddd, J= 8.1, 7.0, 1.0 Hz, 7.38 (1H, 
dt, J=8.1, 1.0 Hz) 7.61 (1H, d, J=8.1 Hz), 8.08 (1H, br s). Anal. 
Calcd. For C17H24N2O: C, 74.96; H, 8.88; N, 10.29. Found: C, 
74.80; H, 8.92; N, 10.26.

VED #1 [Nb-Nonanoyl Tryptamine (57d)] from Tryptamine 
— Et3N (0.99 mL, 7.09 mmol) and ClCO2Me (0.55 mL, 7.09 
mmol) were added to a solution of nonanoic acid (1.02g, 6.45 
mmol) in anhydrous CHCl3 (30 mL) and the mixture was stirred 
at 0 °C for 30 min. To the resulting mixture, tryptamine (1.14 
g, 7.09 mmol) was added and the mixture was stirred at rt for 
30 min. After addition of H2O the whole was extracted with 
CHCl3–MeOH (95:5, v/v). The extract was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave a residue, which was column-chromatographed on SiO2 
with AcOEt–hexane (1:2, v/v) to give 57d (1.78g, 93%). 57d: 
mp 101–102 °C (colorless fine needles, recrystallized from 
CHCl3–hexane). IR (CHCl3): 2950, 1652, 1506, 1165 cm-1. 
1H-NMR (CDCl3) δ: 0.87 (3H, t, J=7.0 Hz), 1.22–1.31 (10H, 
m), 1.57 (2H, br quint, J=7.0 Hz), 10 (2H, t, J=7.6 Hz), 2.98 
(2H, t, J=6.7 Hz), 3.61 (2H, q, J=6.7 Hz, collapsed to t, J=6.7 
Hz on addition of D2O), 5.52 (1H, br s, disappeared on addition 
of D2O), 7.04 (1H, s), 7.13 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.21 
(1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.38 (1H, d, J=8.1 Hz), 7.61 (1H, 
d, J=8.1 Hz), 8.09 (1H, br s, disappeared on addition of D2O). 
Anal. Calcd for C19H28N2O: C, 75.96; H, 9.39; N, 9.33. Found: 
C, 75.66; H, 9.49; N, 9.24.

Dihydro-Nb-propionyltryptamine (58a) from 57a — A 
mixture of 57a (1.02 g, 4.74 mmol) and Et3SiH (1.89 mL, 
11.9 mmol) in TFA (20 mL) was stirred at rt for 30 min. Af-
ter evaporation of the solvent, the residue was made alkaline 
with 8% NaOH and extracted with CHCl3–MeOH (95:5, 
v/v). The extract was washed with brine, dried over Na-
2SO4, and evaporated under reduced pressure to leave an oil, 
which was column-chromatographed on SiO2 with CHCl3–
MeOH–28%NH4H (46:1:0.1, v/v) to give 58a (1.01 g, 98%). 
58a: yellow viscous oil. IR (film): 3315, 2970, 1635, 1606, 
1547, 1486, 1461 cm-1. 1H-NMR (CDCl3) δ: 1.13 (3H, t, 
J=7.5 Hz), 1.78 (1H, dtd, J=13.6, 7.9, 6.0 Hz), 2.00 (1H, dddd, 
J=13.6, 7.9, 7.0, 5.0 Hz), 2.16 (2H, q, J=7.5 Hz), 2.82(1H, br s, 
disappeared on addition of D2O), 3.26–3.42 (4H, m), 3.72 (1H, 
t, J=8.8 Hz), 5.62 (1H, br s, disappeared on addition of D2O), 
6.67 (1H, d, J=7.3 Hz), 6.75 (1H, td, J=7.3, 0.9 Hz), 7.05 (1H, 
br t, J=7.3 Hz), 7.10 (1H, d, J=7.3 Hz). HR–MS m/z: Calcd for 
C13H18N2O: 218.1419. Found: 218.1431.
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Dihydro-Nb-valeryltryptamine (58b) from 57b — A mixture 
of 57b (102.1 mg, 0.42 mmol) and Et3SiH (0.17 mL, 1.05 mmol) 
in TFA (3.0 mL) was stirred at rt for 30 min. After evaporation of 
the solvent, the residue was made alkaline with 8% NaOH and ex-
tracted with CHCl3–MeOH (95:5, v/v). The extract was washed 
with brine, dried over Na2SO4, and evaporated under reduced 
pressure to leave an oil, which was column-chromatographed 
on SiO2 with CHCl3–MeOH–28%NH4H (46:1:0.1, v/v) to give 
58b (88.1 mg, 86%). 58b: yellow viscous oil. IR (film): 3290, 
2930, 1640, 1605, 1552, 1484, 1461 cm-1. 1H-NMR (CDCl3) 
δ: 0.91 (3H, t, J= 7.5 Hz), 1.33 (2H, sext, J=7.5 Hz), 1.59 (2H, 
quint, J=7.5 Hz), 1.73 (1H, dtd, J=13.6, 8.0, 6.1 Hz), 1.99 (1H, 
dddd, J=13.6, 8.0, 7.0, 5.0 Hz), 2.13 (2H, t, J=7.5 Hz), 2.75 (1H, 
br s, disappeared on addition of D2O), 3.27–3.42 (4H, m), 3.72 
(1H, t, J=8.6 Hz), 5.60 (1H, br s, disappeared on addition of 
D2O), 6.68 (1H, d, J=7.3 Hz), 6.75 (1H, td, J=7.3, 0.9 Hz), 7.05 
(1H, br t, J=7.3 Hz), 7.11 (1H, d, J=7.3 Hz). HR–MS m/z: Calcd 
for C15H22N2O: 246.1732. Found: 246.1743.

Nb-Heptanoyl-2,3-dihydrotryptamine (58c) from 57c — A 
mixture of 57c (1.04 g, 3.82 mmol) and Et3SiH (1.52 mL, 9.54 
mmol) in TFA (20 mL) was stirred at rt for 30 min. After evap-
oration of the solvent, the residue was made alkaline with 8% 
NaOH and extracted with CHCl3–MeOH (95:5, v/v). The ex-
tract was washed with brine, dried over Na2SO4, and evaporated 
under reduced pressure to leave an oil, which was column-chro-
matographed on SiO2 with AcOEt–hexane (2:1, v/v) to give 58c 
(912.7 mg, 87%). 58c: pale yellow viscous oil. IR (film): 3310, 
2960, 1634, 1606, 1544, 1484, 1461 cm-1. 1H-NMR (CDCl3)
δ: 0.88 (3H, t, J= 7.5 Hz), 1.25–1.34 (6H, m), 1.60 (2H, quint, 
J=7.5 Hz), 1.78 (1H, dtd, J=13.6, 7.9, 5.9 Hz), 1.99 (1H, dddd, 
J=13.6, 7.9, 7.1, 5.1 Hz), 2.12 (2H, t, J=7.7 Hz), 2.68 (1H, br s, 
disappeared on addition of D2O), 3.27–3.42 (4H, m), 3.72 (1H, 
t, J=8.6 Hz), 5.60 (1H, br s, disappeared on addition of D2O), 
6.68 (1H, d, J=7.5 Hz), 6.75 (1H, td, J=7.5, 1.1 Hz), 7.05 (1H, 
br t, J=7.5 Hz), 7.10 (1H, d, J=7.5 Hz). HR–MS m/z: Calcd for 
C17H26N2O: 274.2045. Found: 274.2057.

Dihydro-Nb-nonanoyltryptamine (58d) from 57d — A mix-
ture of 57d (1.10 g, 3.65 mmol) and Et3SiH (1.45 mL, 9.10 
mmol) in TFA (20 mL) was stirred at rt for 30 min. After evap-
oration of the solvent, the residue was made alkaline with 8% 
NaOH and extracted with CHCl3–MeOH (95:5, v/v). The ex-
tract was washed with brine, dried over Na2SO4, and evaporated 
under reduced pressure to leave an oil, which was column-chro-
matographed on SiO2 with AcOEt–hexane (1:1, v/v) to give 58d 
(862.4 mg, 78%). 58d: mp 41–42.5 °C (colorless powder, re-
crystallized from AcOEt–hexane). IR (KBr): 3300, 2935, 2870, 
1638, 1546, 1486, 1465 cm-1. 1H-NMR (DMSO-d6) δ: 0.84 
(3H, t, J=7.0 Hz), 1.20–1.27 (10H, m), 1.45–1.57 (3H, m). 1.83 
(1H, dtd, J=13.2, 7.6, 5.6 Hz), 2.04 (2H, t, J=7.5 Hz), 3.05 (1H, 
ddd, J=9.3, 8.1, 2.2 Hz), 3.09–3.16 (3H, m), 3.54 (1H, td, J=8.6, 
1.7 Hz), 5.40 (1H, br s, disappeared on addition of D2O), 6.47 
(1H, d, J=7.5 Hz), 6.52 (1H, td, J= 7.5, 0.7 Hz), 6.90 (1H, br 
t, J=7.5 Hz), 7.00 (1H, d, J=7.5 Hz), 7.80 (1H, br t, J= 6.1 Hz, 
disappeared on addition of D2O). Anal. Calcd for C19H30N2O: 
C, 75.45; H, 10.00; N, 9.26. Found: C, 75.25; H,10.16; N, 9.24.

1-Hydroxy-Nb-propionyltryptamine (59a) from 58a — 
A solution of 30% H2O2 (1.11 g, 9.80 mmol) in MeOH (3.0 
mL) was added to a solution of 58a (211.8 mg, 0.97 mmol) and 

Na2WO4·2H2O (64.1 mg, 0.19 mmol) in MeOH (7.0 mL) and 
H2O (1.0 mL) under ice cooling with stirring. Stirring was con-
tinued at rt for 15 min. After addition of H2O, the whole was ex-
tracted with CHCl3–MeOH (95:5, v/v). The extract was washed 
with brine, dried over Na2SO4, and evaporated under reduced 
pressure to leave an oil, which was column-chromatographed 
on SiO2 with CHCl3–MeOH (99:1, v/v) to give 59a (150.2 mg, 
67%). 59a: mp 132–133 °C (colorless fine prisms, recrystallized 
from CHCl3). IR (KBr): 3290, 3100, 2935, 1598, 1566, 1352 
cm-1. 1H-NMR (DMSO-d6) δ: 0.99 (3H, t, J=7.6 Hz), 2.06 (2H, 
q, J=7.6 Hz), 2.79 (2H, t, J=7.3 Hz), 3.30 (2H, td, J=7.3, 6.1 
Hz, collapsed to t, J=7.3 Hz, on addition of D2O), 6.98 (1H, dd, 
J=8.0, 7.3 Hz), 7.13 (1H, dd, J=8.0, 7.3 Hz), 7.24 (1H, s), 7.32 
(1H, d, J=8.0 Hz), 7.53 (1H, d, J=8.0 Hz), 7.84 (1H, br t, J=6.1 
Hz, disappeared on addition of D2O), 11.01 (1H, s, disappeared 
on addition of D2O). Anal. Calcd for C13H16N2O2: C, 67.22; 
H, 6.94; N, 12.06. Found: C, 66.94; H, 6.95; N, 12.02.

1-Hydroxy-Nb-valeryltryptamine (59b) from 58b — A solu-
tion of 30% H2O2 (2.37 g, 20.9 mmol) in MeOH (5.0 mL) 
was added to a solution of 58b (513.3 mg, 2.09 mmol) and 
Na2WO4·2H2O (138.0 mg, 0.42 mmol) in MeOH (20 mL) 
and H2O (2.5 mL) under ice cooling with stirring. Stirring was 
continued at rt for 15 min. After addition of H2O, the whole 
was extracted with CHCl3. The extract was washed with brine, 
dried over Na2SO4, and evaporated under reduced pressure to 
leave an oil, which was column-chromatographed on SiO2 with 
AcOEt–hexane (1:1, v/v) to give 59b (331.2 mg, 61%). 59b: mp 
114.5–115 °C (colorless powder, recrystallized from CHCl3). IR 
(CHCl3): 3125, 2922, 1649, 1513 cm-1. 1H-NMR (DMSO-d6) 
δ: 0.86 (3H, t, J=7.4 Hz), 1.25 (2H, sext, J=7.4 Hz), 1.47 (2H, 
quint, J=7.4 Hz), 2.05 (2H, t, J=7.4 Hz), 2.78 (2H, t, J=7.4 Hz), 
3,30 (2H, td, J=7.4, 6.1 Hz, collapsed to t, J=7.4 Hz, on addi-
tion of D2O), 6.98 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.12 (1H, ddd, 
J=8.1, 7.1, 1.0 Hz), 7.23(1H, s), 7.32 (1H, d, J=8.1 Hz), 7.53 
(1H, d, J=8.1 Hz), 7.86 (1H, br t, J=6.1 Hz, disappeared on ad-
dition of D2O), 11.00 (1H, s, disappeared on addition of D2O). 
Anal. Calcd for C15H20N2O2: C, 69.20; H, 7.74; N, 10.76. 
Found: C, 69.17; H, 7.70; N, 10.68.

1-Hydroxy-Nb-heptanoyltryptamine (59c) from 58c — A 
solution of 30% H2O2 (461 4 mg, 4.07 mmol) in MeOH (1.0 
mL) was added to a solution of 58c (111.3 mg, 0.41 mmol) and 
Na2WO4·2H2O (27.3 mg, 0.08 mmol) in MeOH (4.0 mL) and 
H2O (0.5 mL) under ice cooling with stirring. Stirring was contin-
ued at rt for 30 min. After addition of H2O, the whole was extract-
ed with CHCl3–MeOH (95:5, v/v). The extract was washed with 
brine, dried over Na2SO4, and evaporated under reduced pressure 
to leave an oil, which was column-chromatographed on SiO2 with 
AcOEt–hexane (2:1, v/v) to give 59c (79.8 mg, 68%). 59c: mp 
83–83.5 °C (colorless prisms, recrystallized from CHCl3–hex-
ane). IR (KBr): 3280, 2930, 1601, 1555, 1435, 1358, 1241 cm-1. 
1H-NMR (DMSO-d6) δ: 0.86 (3H, t, J=7.5 Hz), 1.21–1.29 (6H, 
m), 1.47 (2H, quint., J=7.5 Hz), 2.04 (2H, t, J=7.5 Hz), 2.78 (2H, 
t, J=7.5 Hz), 3.29 (2H, td, J=7.5, 6.1 Hz, collapsed to t, J=7.5 Hz, 
on addition of D2O), 6.98 (1H, ddd, J= 8.1, 7.1, 1.0 Hz), 7.12 1H, 
ddd, J=8.1, 7.1, 1.0 Hz), 7.24 (1H, s), 7.32 (1H, dt, J=8.1, 1.0 Hz), 
7.52 (1H, dt, J=8.1, 1.0 Hz), 7.86 (1H, br t, J=6.1 Hz, disappeared 
on addition of D2O), 11.00 (1H, s, disappeared on addition of 
D2O). Anal. Calcd for C17H24N2O2: C, 70.80; H, 8.39; N, 
9.71. Found: C, 70.73; H, 8.40; N, 9.64.
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1-Hydroxy-Nb-nonanyltryptamine (59d) from 58d — A 
solution of 30% H2O2 (451.3 mg, 3.98 mmol) in MeOH (1.0 
mL) was added to a solution of 58d (119.3 mg, 0.40 mmol) and 
Na2WO4·2H2O (26.7 mg, 0.08 mmol) in MeOH (4.0 mL) and 
H2O (0.5 mL) under ice cooling with stirring. Stirring was con-
tinued at rt for 30 min. After addition of H2O, the whole was ex-
tracted with AcOEt. The extract was washed with brine, dried over 
Na2SO4, and evaporated under reduced pressure to leave an oil, 
which was column-chromatographed on SiO2 with CHCl3–MeOH 
(99:1, v/v) to give 59d (75.8 mg, 61%). 59d: mp 82.5–83 °C (col-
orless powder, recrystallized from CHCl3–hexane). IR (CHCl3): 
3155, 2915, 1648, 1510, 1457 cm-1. 1H-NMR (DMSO-d6) δ: 0.86 
(3H, t, J=7.4 Hz), 1.15–1.30 (10H, m), 1.47 (2H, quint., J=7.4 Hz), 
2.03 (2H, t, J=7.4 Hz), 2.78 (2H, t, J=7.4 Hz), 3.30 (2H, td, J=7.4, 
6.1 Hz, collapsed to t, J=7.4 Hz, on addition of D2O), 6.98 (1H, 
ddd, J= 8.1, 7.1, 1.0 Hz) 7.12 1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.24 
(1H, s), 7.32 (1H, d, J=8.1 Hz), 7.52 (1H, d, J=8.1 Hz), 7.86 (1H, 
br t, J=6.1 Hz, disappeared on addition of D2O), 11.01 (1H, s, dis-
appeared on addition of D2O). Anal. Calcd for C19H28N2O2: C, 
72.11; H, 8.92; N, 8.85. Found: C, 72.09; H, 8.96; N, 8.85.

Synthesis of 1-hydroxyindole Derivatives (1) (Scheme 7)
1-Allyloxyindole (73a) from (3) — Prepared according to the 
general method B for 6, where Na2WO4·2H2O (611.6 mg, 1.85 
mmol) in H2O (10.0 mL) was added to a solution of 3 (1.108 g, 
9.29 mmol) in MeOH (20.0 mL). 30% H2O2 (10.561 g, 101.2 
mmol) in MeOH (20.0 mL) was added to the resultant solu-
tion at 0 °C with stirring. After stirring for 15 min at rt (20 
°C), K2CO3 (3.86 g, 27.8 mmol) and allyl bromide (3.313 g, 
27.4 mmol) were added and stirred at rt for 1.5 h. Brine was 
added and the whole was extracted with CH2Cl2. The extract 
was washed with brine, dried over Na2SO4, and evaporated 
under reduced pressure to leave oil, which was purified by 
column-chromatography on SiO2 with CH2Cl2–hexane (1:9, 
v/v) to give 73a (711.3 mg, 44%). 73a: colorless oil. IR (film): 
3050, 1449, 1220, 740 cm-1. 1H-NMR (CDCl3) δ: 4.67 (2H, 
dt, J=6.6, 1.2 Hz), 5.21 (1H, m), 5.35 (1H, d, J=3.4 Hz), 5.86–
6.25 (1H, m), 6.30 (1H, dd, J=3.5, 1.0 Hz), 6.94–7.61 (5H, 
m). High resolution MS m/z: Calcd for C11H11NO: 173.0782. 
Found: 173.0811.

Scheme: 7 1-Hydroxyindole Derivatives (1)

1-Benzoyloxyindole (73b) from 3 — Prepared according to the 
general method B for 6, where Na2WO4·2H2O (57.1 mg, 0.17 
mmol) in H2O (1.0 mL), 3 (103.0 mg, 0.86 mmol) in MeOH (8.0 
mL), and 30% H2O2 (981.2 mg, 8.66 mmol) in MeOH (2.0 mL) 
were used. The reaction mixture was extracted with benzene 
and benzene layer was dried over Na2SO4. After filtering off 
Na2SO4, K2CO3 (583.3 mg, 3.89 mmol) and benzoyl chloride 
(483.2 mg, 2.59 mmol) were added to the benzene solution and 
stirred at rt for 1.5 h. H2O was added and the whole was ex-
tracted with CH2Cl2. The extract was washed with brine, dried 
over Na2SO4, and evaporated under reduced pressure to leave 
oil, which was purified by column-chromatography on SiO2 
with CH2Cl2–hexane (3:7, v/v) to give 73b (100.8 mg, 49%). 
73b: mp 55.5–56.0 °C (lit. [64] mp 49–50 °C, pale brown nee-
dles, recrystallized from MeOH). IR (KBr): 1767, 1600, 1446, 
1323, 1236, 1184, 1075, 1039, 1012, 1002, 754, 729, 700 cm-1. 
UV λmaxMeOH nm (log s): 217 (4.50), 265 (3.94), 293 (3.60). 

1H-NMR (CDCl3) δ: 6.53 (1H, d, J=3.7 Hz), 6.96–7.35 (4H, m), 
7.35–7.82 (4H, m), 8.21 (2H, dd, J=8.2, 1.7 Hz). MS m/z: 237 
(M+). Anal. Calcd for C15H11NO2: C, 75.94; H, 4.67; N, 5.90. 
Found: C, 75.85; H, 4.62; N, 5.84.

1-t-Butyldimethylsilyloxyindole (73c) from 3 — Prepared ac-
cording to the general method B for 6, where Na2WO4·2H2O 
(75.9 mg, 0.23 mmol) in H2O (1.3 mL), 3 (136.9 mg, 1.15 mmol) 
in MeOH (10.0 mL), and 30% H2O2 (1.304 g, 11.5 mmol) in 
MeOH (3.0 mL) were used. Silylation was carried out according 
to the method for 73b with K2CO3 (715.5 mg, 5.18 mmol) and 
t-butyldimethylsilyl chloride (520.2 mg, 3.45 mmol). After usu-
al work-up and purification, 73c (133.1 mg, 47%) was obtained. 
73c: colorless oil. IR (film): 1472, 1436, 1266, 1074, 1035, 836, 
787, 739 cm-1. 1H-NMR (CDCl3) δ: 0.23 (6H, s), 1.10 (9H, s), 
6.31 (1H, d, J=3.4 Hz), 7.01 (1H, t, J=6.6 Hz), 7.07 (1H, d, J=3.4 
Hz), 7.17 (1H, t, J=6.6 Hz), 7.31 (1H, d, J=6.6 Hz), 7.53 (1H, 
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d, J=6.6 Hz). High resolution MS m/z: Calcd for C14H21NOSi: 
247.1390. Found: 247.1376.

1-Methallyloxyindole (73d) from 3 — Prepared according to 
the general method B for 6, where Na2WO4·2H2O (26.7 mg, 
0.08 mmol) in H2O (0.5 mL), 3 (48.0 mg, 0.40 mmol) in MeOH 
(4.0 mL), and 30% H2O2 (461.7 mg, 4.0 mmol) in MeOH (1.0 
mL) were used. Methallylation was carried out with K2CO3 
(253.3 mg, 1.80 mmol) and methallyl chloride (110.5 mg, 1.20 
mmol). After usual work-up and purification, 73d (4.2 mg, 6%) 
was obtained. 73d: colorless oil. IR (film): 1653, 1450, 1323, 
1222, 740 cm-1. 1H-NMR (CDCl3) δ: 1.97 (3H, t, J=1.2 Hz), 
4.60 (2H, s), 5.03 (2H, m), 6.32 (1H, dd, J=3.4, 0.7 Hz), 7.00–
7.63 (5H, m). High resolution MS m/z: Calcd for C12H13NO: 
187.0972. Found: 187.0984.

1-Benzyloxyindole (73e) and 3-benzyl-1-benzyloxyindole 
(74a) from 3 — Prepared according to the general method B 
for 6, where Na2WO4·2H2O (60.3 mg, 0.18 mmol) in H2O (1.0 
mL), 3 (108.7 mg, 0.91 mmol) in MeOH (8.0 mL), and 30% 
H2O2 (1.036 g, 9.13 mmol) in MeOH (2.0 mL) were used. Ben-
zylation was carried out with K2CO3 (568.1 mg, 4.11 mmol) 
and benzyl bromide (483.2 mg, 2.74 mmol). After usual work-
up and purification, 73e (96.0 mg, 47%) and 74a (14.7 mg, 5%) 
were obtained. 73e: colorless oil. IR (film): 1455, 1323, 1221, 
1074, 1032, 756, 740, 697 cm-1. 1H-NMR (CDCl3) δ: 5.15 (2H, 
s), 6.23 (1H, d, J=3.4 Hz), 6.98 (1H, d, J=3.4 Hz), 6.98–7.22 
(2H, m), 7.22–7.44 (6H, m), 7.44–7.60 (1H, m). High resolution 
MS m/z: Calcd for C15H13NO: 223.0996. Found: 223.0992. 
74a: colorless oil. IR (KBr, film): 1494, 1450, 734, 695 cm–1. 
1H-NMR (CDCl3) δ: 4.00 (2H, s), 5.12 (2H, s), 6.11 (1H, s), 
6.85–7.11 (14H, m). High resolution MS m/z: Calcd for C22H-
15NO: 313.1465. Found: 313.1468.

1-Prenyloxyindole (73f) and 3-prenyl-1-prenyloxyindole 
(74b) from 3 — Prepared according to the general method B 
for 6, where Na2WO4·2H2O (61.9 mg, 0.19 mmol) in H2O (1.0 
mL), 3 (111.2 mg, 0.93 mmol) in MeOH (8.0 mL), and 30% H2O2 
(1.087 g, 10.1 mmol) in MeOH (2.0 mL) were used. Prenylation 
was carried out with K2CO3 (470.6 mg, 6.84 mmol) and prenyl 
bromide (380.2 mg, 0.51 mmol). After usual work-up and purifi-
cation 73f (13.5 mg, 7%) and 74b (9.3 mg, 4%) were obtained. 
73f: pale yellow oil. IR (film): 3050, 2980, 2930, 1670, 1450, 
1324, 1222, 1075, 1030, 740 cm-1. 1H-NMR (CDCl3) δ: 1.48 
(3H, s), 1.68 (3H, s), 4.54 (2H, d, J=7.9 Hz), 5.44 (1H, t, J=7.2 
Hz), 6.21 (1H, dd, 3.6, 1.0 Hz), 6.88–7.50 (5H, m). High resolu-
tion MS m/z: Calcd for C13H15NO: 201.1153. Found: 201.1155. 
74b: pale red oil. IR (film): 2980, 2920, 1666, 1612, 1447, 1375, 
1088, 1008, 735 cm–1. 1H-NMR (CDCl3) δ: 1.58 (3H, s), 1.74 
(3H, s), 1.76 (6H, s), 3.38 (2H, dd, J=7.0, 1.0 Hz), 4.60 (2H, d, 
J=7.5 Hz), 5.28–5.61 (2H, m), 6.94–7.56 (5H, m). High resolution 
MS m/z: Calcd for C18H23NO: 269.1753. Found: 269.1765.

1-Prenyloxyindole (73f) from 3 — Prepared according to the 
general method B for 6, where Na2WO4·2H2O (65.2 mg, 0.19 
mmol) in H2O (1.0 mL), 3 (116.4 mg, 0.98 mmol) in MeOH (9.0 
mL), and 30% H2O2 (1.143 g, 10.0 mmol) in MeOH (1.0 mL) 
were used. Prenylation was carried out with NEt3 (1.4 mL, 9.8 
mmol), (n-Bu)4NBr (32.3 mg, 0.10 mmol), and prenyl bromide 
(1.339 g, 8.71 mmol). After usual work-up and purification,73f 
(35.7 mg, 18%) was obtained.

1-Prenyloxyindole (73f) from 73c — A solution of prenyl bro-
mide (112.2 mg, 0.72 mmol) in anhydrous THF (1.0 mL), KOt-
Bu (91.7 mg, 0.82 mmol), and a solution of (n-Bu)4NF·3H2O 
(120.6 mg, 0.34 mmol) in anhydrous THF (1.0 mL) were added 
to a solution of 73c (75.4 mg, 0.37 mmol) in anhydrous THF (1.0 
mL) at rt. After usual work-up and purification, 73f (75.4 mg, 
100%) was obtained.

1-Cinnamyloxyindole (73g) and 3-cinnamyl-1-cinnanyloxy-
indole (74c) from 3 — Prepared according to the general meth-
od B for 6, where Na2WO4·2H2O (57.9 mg, 0.17 mmol) in 
H2O (1.0 mL). 3 (104.1 mg, 0.87 mmol) in MeOH (8.0 mL), and 
30% H2O2 (991.9 mg, 8.7 mmol) in MeOH (2.0 mL) were used. 
Cinnamylation was carried out with K2CO3 (544.6 mg, 3.91 
mmol) and cinnamyl bromide (520.8 mg, 2.61 mmol). After usu-
al work-up and purification, 73g (110.5 mg, 51%) and 74c (80.2 
mg, 22%) were obtained. 73g: pale brown oil. IR (film): 3050, 
3017, 2920, 1495, 1449, 1323, 1221, 1074, 1030, 965, 757, 738, 
691 cm-1. 1H-NMR (CDCl3) δ: 4.81 (2H, d, J=6.0 Hz), 6.31 
(1H, dd, J=3.5, 1.0 Hz), 6.25–6.72 (2H, m), 6.96–7.60 (10H, 
m). High resolution MS m/z: Calcd for C17H15NO: 249.1148. 
Found: 249.1150. 74c: pale yellow oil. IR (film): 3050, 3017, 
2920, 1496, 1449, 964, 738, 692 cm–1. 1H-NMR (CDCl3) δ: 
3.58 (2H, dd, J=5.3, 1.0 Hz), 4.77 (2H, d, J=5.5 Hz), 6.13–6.72 
(4H, m), 6.93–7.61 (15H, m). High resolution MS m/z: Calcd for 
C26H23NO: 365.1800. Found: 365.1789.

1-Methoxymethoxyindole (73h) from 3— Prepared according 
to the general method C for 6, where Na2WO4·2H2O (63.7 mg, 
0.19 mmol) in H2O (1.0 mL), 3 (115.1 mg, 0.96 mmol) in MeOH 
(10.0 mL), and urea·H2O2 compound (927.2 mg, 9.66 mmol) 
were used. Methoxymethylation was carried out with K2CO3 
(2.403 g, 17.38 mmol), (n-Bu)4NBr (31.1 mg, 0.09 mmol), and 
methoxymethyl chloride (233.3 mg, 2.89 mmol) in benzene (1.0 
mL). After usual work-up and purification, 73h (66.0 mg, 39%) 
was obtained. 73h: mp 27.0–27.5 °C (colorless prisms, recrys-
tallized from hexane). IR (KBr): 2970, 1445, 1330, 1230, 1182, 
1100, 1089, 1030, 920, 740 cm-1. 1H-NMR (CDCl3) δ: 3.66 
(3H, s), 5.17 (2H, s), 6.37 (1H, d, J=3.5 Hz), 7.11 (1H, t, J=7.4 
Hz), 7.20–7.26 (3H, m), 7.42 (1H, d, J=8.1 Hz), 7.58 (1H, d, 
J=7.9 Hz). MS m/z: 177 (M+). Anal. Calcd for C10H11NO2: C, 
67.78; H, 6.26; N, 7.90. Found: C, 67.64; H, 6.33; N, 7.86.

1-Methoxymethoxyindole (73h) from 73c — A solution of 
methoxymethyl chloride (56.2 mg, 0.69 mmol) in anhydrous 
THF (1.0 mL), KOt-Bu (91.2 mg, 0.81 mmol), and a solution 
of (n-Bu)4NF·3H2O (111.1 mg, 0.35 mmol) in anhydrous THF 
(1.0 mL) were added to a solution of 73c (85.4 mg, 0.34 mmol) 
in anhydrous THF (1.0 mL) at rt. After usual work-up and puri-
fication, 73h (59.7 mg, 98%) was obtained.

1-(2-Methoxyethoxymethoxy) indole (73i) from 3 — Prepared 
according to the general method B for 6, where Na2WO4·2H2O 
(61.4 mg, 0.19 mmol) in H2O (1.0 mL), 3 (111.1 mg, 0.93 
mmol) in MeOH (9.0 mL), and 30% H2O2 (1.073 g, 9.46 mmol) 
in MeOH (1.0 mL) were used. Methoxyethoxymethylation was 
carried out with NEt3 (2.6 mL, 18.6 mmol), (n-Bu)4NBr (29.9 
mg, 0.09 mmol), and 2-methoxyethoxymethyl chloride (1.038 
g, 8.35 mmol). After usual work-up and purification, 73i (23.2 
mg, 11%) and indole (2.2 mg, 2%) were obtained. 73i: colorless 
oil. IR (KBr): 2920, 2890, 1450, 1320, 1220, 1105, 1030, 920, 
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875, 845, 760, 740 cm-1. 1H-NMR (CDCl3) δ: 3.41 (3H, s), 
3.59–3.65 (2H, m), 3.93–3.99 (2H, m), 5.27 (2H, s), 6.36 (1H, 
dd, J=3.5, 1.0 Hz), 7.10 (1H, ddd, J=7.9, 6.9, 1.0 Hz), 7.22 
(1H, ddd, J=8.3, 6.9, 1.0 Hz), 7.33 (1H, d, J=3.5 Hz), 7.42 (1H, 
dd, J=8.3, 1.0 Hz), 7.58 (1H, ddd, J=7.9, 1.0, 1.01 Hz). High 
resolution MS m/z: Calcd for C12H15NO3: 221.1050. Found: 
221.1049.

1-(2-Methoxyethoxymethoxy) indole (73i) from 73c — A solu-
tion of 2-methoxyethoxymethyl chloride (98.8 mg, 0.79 mmol) 
in anhydrous THF (1.0 mL), KOt-Bu (97.2 mg, 0.86 mmol), and 
a solution of (n-Bu)4NF·3H2O (125.8 mg, 0.39 mmol) in anhy-
drous THF (1.0 mL) were added to a solution of 73c (94.9 mg, 
0.38 mmol) in anhydrous THF (1.0 mL) at rt. After usual work-
up and purification, 73i (83.3 mg, 98%) was obtained.

3-Tosyloxyindole (75) from 3 — Prepared according to the gen-
eral method B for 6, where Na2WO4·2H2O (559.6 mg, 1.69 
mmol) in H2O (10.0 mL), 3 (1.009 g, 8.48 mmol) in MeOH 
(80.0 mL), and 30% H2O2 (9.610 g, 84.8 mmol) in MeOH 
(20.0 mL) were used. Tosylation was carried out with K2CO3 
(5.270 g, 38.2 mmol) and tosyl chloride (4.848 g, 25.5 mmol). 
After usual work-up and purification, 75 (252.2 mg, 10%) was 
obtained. 75: mp 112–114°C (colorless prisms, recrystallized 
from MeOH). IR (KBr): 3390, 3120, 1595, 1453, 1370, 1190, 
1175, 1090, 1063, 843, 812, 742, 723, 657, 555, 545, 503 cm-
1. 1H-NMR (CDCl3) δ: 2.41 (3H, s), 6.95–7.30 (8H, m), 7.75 
(2H, d, J=8.3 Hz). MS m/z: 287 (M+). Anal. Calcd for C15H-
13NO3S: C, 62.70; H, 4.56; N, 4.87. Found: C, 62.70; H, 4.53; 
N, 4.72. 76 was not isolated because of its instant instability to 
change to 75.

1-Hydroxy-6-nitroindole (78a) from 77a — Prepared ac-
cording to the general method B for 6, where Na2WO4·2H2O 
(18.8 mg, 0.06 mmol), 77a (101.3 mg, 0.57 mmol) in MeOH 
(10.0 mL), and 30% H2O2 (0.58 mL, 5.7 mmol) were used. 
After usual work-up and purification,78a (80.1 mg, 79%) was 
obtained. 78a: mp 153–155 °C (decomp., pale orange needles, 
recrystallized from CHCl3). IR (KBr): 3240, 1617, 1586, 1514, 
1481, 1357, 1332, 1280, 1095, 1056, 863, 811, 751, 731 cm-1. 
UV λmaxMeOH nm (log s): 264 (4.01), 321 (3.94), 361 (3.73). 
1H-NMR (CDCl3–CD3OD. 95:5, v/v) δ: 6.43 (1H, d, J=3.3 Hz), 
7.51 (1H, d, J=3.3 Hz), 7.61 (H, d, J=8.8 Hz), 7.95 (1H, dd, 
J=8.8, 2.1 Hz), 8.42 (1H, dd, J=2.1 Hz). MS m/z: 178 (M+). 
Anal. Calcd for C8H6N2O3: C, 53.94; H, 3.39; N, 15.72. Found: 
C, 54.03; H, 3.45; N, 15.73.

1-Hydroxy-5-nitroindole (78b) from 77b — Prepared accord-
ing to the general method B, where Na2WO4·2H2O (81.6 mg, 
0.25 mmol) in H2O (2.0 mL), 77b (202.9 mg, 1.23 mmol) in 
MeOH (20.0 mL), and 30% H2O2 (1.26 mL, 12.3 mmol) were 
used. After usual work-up and purification, 77b (52.7 mg, recov-
ery, 26%), 5-nitroindole (9.4 mg, 5%), and 78b (91.7 mg, 42%) 
were obtained. The mixture of 78b and 5-nitroindoe was success-
fully separated by column chromatography on Al2O3 with ben-
zene–EtOAc (10:1, v/v). 78b: mp 175–176 °C (decomp., brown 
needles, recrystallized from CHCl3). IR (KBr, film): 1613, 1584, 
1508, 1358, 1339, 756, 720 cm-1. UV λmaxMeOH nm (log s): 
254 (4.07), 275 (4.20), 331 (3.81). 1H–NMR (CDCl3–CD3OD, 
95:5, v/v) δ: 6.45 (H, d, J=3.4 Hz), 7.52 (1H, d, J=3.4 Hz), 7.60 
(1H, d, J=8.9 Hz), 7.98 (1H, dd, J=8.8, 2.2 Hz), 8.38 (1H, br s). 

MS m/z: 178 (M+). Anal. Calcd for C8H6N2O3: C, 53.94; H, 
3.39; N, 15.72. Found: C, 53.66; H, 3.37; N, 15.71.

1-Hydroxy-2-phenylindole (78d) from 2,3-dihy-
dro-2-phenylindole (77d) — Prepared according to the general 
method B for 6, where Na2WO4·2H2O (17.4 mg, 0.053 mmol), 
77d (51.5 mg, 0.26 mmol) in 4.0 mL of MeOH, and 30% H2O2 
(299.4 mg, 2.64 mmol) in MeOH (1.0 mL) were used. The crude 
product was purified by p-TLC on SiO2 with CH2Cl2–MeOH 
(98:2, v/v) as a developing solvent to afford 78d (30.9 mg, 56%). 
78d: mp 174.0–175.0 °C (decomp., pale yellow needles, recrys-
tallized from CHCl3, lit., [65] mp 175 °C). IR (KBr): 2400, 1625, 
1370, 756, 740, 683 cm-1. 1H-NMR (10% CD3OD in CDCl3) 
δ: 6.52 (1H, s, C3–H, deuterated during measuring), 6.88–7.62 
(7H, m), 7.68–7.92 (2H, m). MS m/z: 209 (M+). Identical with 
the authentic sample prepared from benzoin oxime [66].

1-Methoxy-6-nitroindole (79a) from 2,3-dihydro-6-nitroin-
dole (77a) — Prepared according to the general method B for 
6, where Na2WO4·2H2O (9.0 mg, 0.027 mmol), 77a (44.8 mg, 
0.27 mmol) in MeOH (3.0 mL), and 30% H2O2 (309.7 mg, 2.73 
mmol) were used. After methylation, usual work-up, and purifi-
cation, 79a (31.3 mg, 60%) and 6-nitroindole (3.8 mg, 9%) were 
obtained. 79a: mp 90.0–91.0 °C (yellow needles, recrystallized 
from MeOH). IR (KBr): 1613, 1584, 1508, 1358, 1339, 756, 720 
cm-1. 1H-NMR (CDCl3) δ: 4.17 (3H, s), 6.45 (1H, dd, J=3.4 
and 1.0 Hz), 7.52 (1H, d, J=3.4 Hz), 7.60 (1H, d, J=8.8 Hz), 7.98 
(1H, dd, J=8.8, 2.2 Hz), 8.38 (1H, br d, J=2.2 Hz). MS m/z: 192 
(M+). Anal. Calcd for C9H8N2O3: C, 56.25; H, 4.20; N, 14.58. 
Found: C, 56.21; H, 4.17; N, 14.73.

1-Methoxy-5-nitroindole (79b) from 2,3-dihydro-5-nitroin-
dole (77b) — Prepared according to the general method B for 
6, where Na2WO4·2H2O (16.4 mg, 0.05 mmol), 77b (40.8 mg, 
0.29 mmol) in MeOH (3.0 mL), and 30% H2O2 (282.0 mg, 
2.48 mmol) in MeOH (2.0 mL) were used. After methylation, 
usual work-up, and purification, 79b (23.2 mg, 49%), unreact-
ed starting material (17.1 mg, 42%), and 5-nitroindole (1.1 mg, 
3%) were obtained. 79b: mp 89.5–90.5 °C (yellow plates, re-
crystallized from MeOH). IR (KBr): 1615, 1580, 1512, 1324, 
1066, 737 cm-1. 1H-NMR (CDCl3) δ: 4.14 (3H, s), 6.54 (1H, 
dd, J=3.6, 0.8 Hz), 7.38 (1H, d, J=3.6 Hz), 7.44 (1H, d, J=9.0 
Hz), 8.12 (1H, dd, J=9.0, 2.1 Hz), 8.54 (1H, d, J=2.1 Hz). MS 
m/z: 192 (M+). Anal. Calcd for C9H8N2O3: C, 56.25; H, 4.20; 
N, 14.58. Found: C, 56.25; H, 4.17; N, 14.50.

7-Iodo-1-methoxyindole (79c) from 2,3-dihydro-7-iodoin-
dole (77c) — Prepared according to the general method B for 
6, where Na2WO4·2H2O (14.7 mg, 0.045 mmol), 79c (218.7 
mg, 0.89 mmol) in MeOH (5.0 mL), and 30% H2O2 (303.6 mg, 
2.68 mmol) in MeOH (4.0 mL) were used. After usual work-
up and purification, 79c (62.6 mg, 26%), 7-iodoindole (9.9 mg, 
5%), and unreacted starting material (117.5 mg, 54%) were ob-
tained. 79c: mp 35.0–35.5 °C (colorless plates, recrystallized 
from hexane). IR (KBr): 1544, 1333, 1276, 1033, 948, 775 cm-
1. 1H-NMR (CDCl3) δ: 4.08 (3H, s), 6.31 (1H, d, J=3.4 Hz), 
6.82 (1H, t, J=7.6 Hz), 7.29 (1H, d, J=3.4 Hz), 7.54 (1H, dd, 
J=7.6, 1.0 Hz), 7.68 (1H, dd, J=7.6, 1.0 Hz). MS m/z: 273 (M+). 
Anal. Calcd for C9H8INO: C, 39.59; H, 2.95; N, 5.12. Found: C, 
39.53; H, 2.99; N, 5.13.
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1-Methoxy-2-phenylindole (79d) — a) From 2,3-dihy-
dro-2-phenylindole (77d); prepared according to the general 
method B for 6, where Na2WO4·2H2O (17.7 mg, 0.054 mmol), 
77d (52.3 mg, 0.27 mmol) in MeOH (4.0 mL), and 30% H2O2 
(304.1 mg, 2.68 mmol) in MeOH (1.0 mL) were used. After usu-
al work-up and purification, 79d (40.0 mg, 67%) and 2-phenylin-
dole (3.9 mg, 8%) were obtained. 79d: mp 47.0–48.0 °C (lit. [15] 
mp 49–51 °C, pale yellow plates, recrystallized from MeOH). 
IR (KBr): 1597, 956, 760, 741 cm-1. 1H-NMR (CDCl3) δ: 3.73 
(3H, s), 6.56 (1H, s), 7.00–7.66 (7H, m), 7.73–7.91 (2H, m). 
Anal. Calcd for C15H13NO: C, 80.69; H, 5.87; N, 6.27. Found: 
C, 80.77; H, 5.91; N, 6.04.

From 1-Hydroxy-2-phenylindole (78d): ethereal CH2N2 (ex-
cess) was added to a solution of 78d (30.9 mg, 0.15 mmol) in 
MeOH (3.0 mL) with stirring at rt until the starting material was 
not detected on tlc monitoring. The crude product was purified 
by p-TLC on SiO2 with EtOAc–hexane (1:4, v/v) as a develop-
ing solvent to afford 79d (28.3 mg, 86%).

Methyl 1-methoxyindole-2-carboxylate (79f) from 2,3-dihy-
droindole-2-carboxylic acid (77e) — Prepared according to 
the general method B, where Na2WO4·2H2O (20.8 mg, 0.063 
mmol), 77e (51.5 mg, 0.31 mmol) in MeOH (4.0 mL), and 30% 
H2O2 (358.2 mg, 3.16 mmol) in MeOH (1.0 mL) were used. 
After methylation and usual work-up and purification, 4 (10.4 
mg, 22%) and 79f (11.4 mg, 18%) were obtained. 79f: mp 40.5–
41.5 °C (colorless plates, recrystallized from MeOH). IR (KBr): 
1723, 1239, 1209, 1085, 738 cm-1. 1H-NMR (CDCl3) δ: 3.93 
(3H, s), 4.19 (3H, s), 7.08 (1H, d, J=1.2 Hz), 7.02–7.54 (3H, m), 
7.61 (1H, dt, J=7.9, 1.0 Hz). MS m/z: 205 (M+). Anal. Calcd for 
C11H11NO3: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.19; H, 
5.45; N, 7.00.

Synthesis of 1-hydroxyindole Derivatives (2) (Scheme 8)
Acetylaminomethyl-1-hydroxyindole (82b) from 3-acetyl-
aminomethyl-2,3-dihydroindole (80) — Prepared according to 
the method for 6, where Na2WO4·2H2O (149.8 mg, 0.45 mmol) 
in H2O (4.5 mL), 80 (688.0 mg, 3.16 mmol) in MeOH (55.0 mL), 
and 30% H2O2 (2.574 g, 22.7 mmol) in MeOH (5.0 mL) were 
used. After usual work-up and purification, 82b (302.5 mg, 66%) 
was obtained. 82b: mp 132.5–133.0 °C (pale yellow prisms, re-
crystallized from CH2Cl2). IR (KBr): 3330, 2810, 1603, 1538, 
1406, 1366, 1320, 1244, 1103, 1028, 1006, 743, 667, 570 cm-1. 
1H-NMR (5% CD3OD–CDCl3) δ: 1.96 (3H, s), 4.49 (2H, s), 
7.08 (1H, dd, J=7.7, 7.3 Hz), 7.18 (1H, s), 7.22 (1H, dd, J=8.1, 
7.3 Hz), 7.45 (1H, d, J=8.1 Hz), 7.54 (1H, d, J=7.7 Hz). MS m/z: 
204 (M+). Anal. Calcd for C11H12N2O2·1/8H2O: C, 63.99; H, 
5.98; N, 13.57. Found: C, 64.15; H, 5.79; N, 13.60.

1-Hydroxy-Nb-trifluoroacetylindole-3-methanamine (82a) 
from 81 — Prepared according to the method for 82b, where 
Na2WO4·2H2O (148.7 mg, 0.45 mmol) in H2O (4.5 mL), 81 
(551.2 mg, 2.26 mmol) in MeOH (50.0 mL), and 30% H2O2 
(2.575 g, 22.6 mmol) in MeOH (5.0 mL) were used. After usu-
al work-up, the crude product was column-chromatographed 
on SiO2 with EtOAc–hexane (3:1, v/v) to give 82a (414.5 mg, 
71%). 82a: mp 123.5–124.5 °C (colorless needles, recrystal-
lized from CH2Cl2). IR (KBr): 3390, 3305, 1694, 1566, 1541, 
1353, 1252, 1206, 1178, 1169, 1151, 1103, 755, 747, 682 cm-1. 
1H-NMR (CD3OD) δ: 4.59 (2H, s), 7.03 (1H, dd, J=8.0, 0.9 
Hz), 7.17 (1H, dd, J=8.0, 0.9 Hz), 7.28 (1H, s), 7.38 (1H, ddd, 
J=8.0, 0.9, 0.7 Hz), 7.57 (1H, ddd, J=8.0, 0.9, 0.7 Hz). High res-
olution MS m/z: Calcd for C11H9F3N2O2: 258.0615. Found: 
258.0617.

Scheme: 8 1-Hydroxyindole derivatives (2)

1-Methoxy-Nb-trifluoroacetylindole-3-methanamine (83a) 
from 2,3-dihydro-3-trifluoroacetyl- indole-3-methana-
mine (81) — Prepared according to the method for 80b, where 
Na2WO4·2H2O (14.8 mg, 0.04 mmol) in H2O (0.5 mL), 81 
(54.1 mg, 0.22 mmol) in MeOH (6.0 mL), and 30% H2O2 

(266.6 mg, 2.35 mmol) in MeOH (1.0 mL) were used. After 
methylation and work-up, the product was purified by col-
umn-chromatography on SiO2 with CHCl3–hexane (3:1, v/v) 
to give 83a (46.5 mg, 77%). 83a: mp 70.5–71.0 °C (colorless 
prisms, recrystallized from benzene–hexane). IR (KBr): 3290, 
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1715, 1695, 1561, 1208, 1180, 1159, 738, 722 cm-1. UV λmax-
MeOH nm (log s): 219 (4.57), 272 (3.73), 288 (3.72). 1H-NMR 
(CDCl3) δ: 4.10 (3H, s), 4.68 (2H, d, J=5.3 Hz), 6.43 (1H, br s), 
7.18 (1H, t, J=7.8 Hz), 7.31 (1H, s), 7.31 (1H, t, J=7.8 Hz), 7.46 
(1H, d, J=7.8 Hz), 7.57 (1H, d, J=7.8 Hz). High resolution MS 
m/z: Calcd for C12H11F3N2O2: 272.0772. Found: 272.0756.

1-Methoxy-Nb-acetylindole-3-methanamine (83b) from 3-acetyl-
aminomethyl-2,3-dihydroindole (80) — Prepared according 
to the method for 82b, where Na2WO4·2H2O (22.8 mg, 0.07 
mmol) in H2O (0.5 mL), 80 (64.9 mg, 0.34 mmol) in MeOH 
(6.0 mL), and 30% H2O2 (388.0 mg, 3.42 mmol) in MeOH (1.0 
mL) were used. After methylation and work-up, the product 
was purified by column-chromatography on SiO2 with CHCl3–
MeOH–28% aq. NH3 (100:1:0.1, v/v) to give 83b (43.6 mg, 
59%). 83b: mp 132.5–133.0 °C (colorless prisms, recrystallized 
from benzene). IR (KBr): 3200, 3040, 1623, 1533, 1450, 1245, 
735 cm-1. UV λmaxMeOH nm (log s): 222 (4.51), 273 (3.72), 
288 (3.72). 1H-NMR (CDCl3) δ: 1.98 (3H, s), 4.07 (3H, s), 4.56 
(2H, d, J=5.1 Hz), 5.65 (1H, br s), 7.14 (1H, t, J=8.2 Hz), 7.24 
(1H, s), 7.28 (1H, t, J=8.2 Hz), 7.43 (1H, d, J=8.2 Hz), 7.60 (1H, 
d, J=8.2 Hz). MS m/z: 218 (M+). Anal. Calcd for C12H14N2O2: 
C, 66.04; H, 6.47; N, 12.84. Found: C, 65.91; H, 6.47; N, 12.71.

3-Acetylaminomethyl-1-methoxyindole (83b) from 82b — 
Ethereal CH2N2 (excess) was added to a solution of 82b (11.8 
mg, 0.058 mmol) in MeOH (1.0 mL) and stirring was continued 
at rt for 30 min. After evaporation of the solvent under reduced 
pressure, the residue was column-chromatographed on SiO2 
with CH2Cl2–MeOH (97:3, v/v) to give 81b (10.7 mg, 85%).

3-Dihydro-3-tosylaminomethylindole (85) from 3-tosyl-
aminomethylindole (84) — 95% NaBH3CN (247.7 mg, 3.74 
mmol) was added to a solution of 84 (201.8 mg, 0.67 mmol) in 
AcOH (10.0 mL) at rt and stirring was continued for 5 h. After 
adding H2O under ice cooling, the solvent was evaporated under 
reduced pressure. The residue was made alkaline by adding H2O 
and 8% NaOH. The whole was extracted with CH2Cl2–MeOH 
(95:5, v/v). The extract was washed with brine, dried over Na-
2SO4, and evaporated under reduced pressure to leave a residue, 
which was column-chromatographed on SiO2 with CH2Cl2–
MeOH (99:1, v/v) to give 84 (16.5 mg, recovery, 8%) and 85 
(144.3 mg, 71%) in the order ofelution. 85: colorless hard oil. IR 
(KBr): 3320, 3050, 2910, 1592, 1481, 1460, 1423, 1323, 1155, 
1041, 755 cm-1. 1H-NMR (CD3OD) δ: 2.42 (3H, s), 2.92 (1H, 
dd, J=12.8, 5.3 Hz), 3.06 (1H, dd, J=12.8, 5.3 Hz), 3.27 (1H, dd, 
J=9.3, 5.7 Hz), 3.30–3.38 (1H, m), 3.51 (1H, dd, J=9.3, 8.6 Hz), 
6.63 (1H, d, J=7.9 Hz), 6.65 (1H, td, J=7.3, 0.9 Hz), 6.98 (1H, t, 
J=7.9 Hz), 7.03 (1H, d, J=7.3 Hz), 7.37 (2H, m), 7.72 (2H, m). 
MS m/z: 302 (M+). Anal. Calcd for C16H18N2O2S: C, 63.55; 
H, 6.00; N, 9.26. Found: C, 63.45; H, 6.04; N, 9.16.

1-Hydroxy-3-tosylaminomethylindole (86) from 85 — Pre-
pared according to the method for 82b, where Na2WO4·2H2O 
(60.6 mg, 0.18 mmol) in H2O (1.8 mL), 85 (277.4 mg, 0.92 
mmol) in MeOH (13.0 mL), and 30% H2O2 (1.049 g, 9.26 
mmol) in MeOH (5.0 mL) were used. After usual work-up, 86 
(197.5 mg, 68%) was obtained. 86: mp 134.0–135.5 °C (col-
orless needles, recrystallized from CHCl3). IR (KBr): 3390, 
3320, 1396, 1318, 1303, 1230, 1157, 1097, 1020, 817, 732 cm-
1. 1H-NMR (CD3OD) δ: 2.39 (3H, s), 4.18 (2H, s), 6.94 (1H, 

ddd, J=8.0, 7.0, 1.0 Hz), 7.08 (1H, s), 7.11 (1H, ddd, J=8.0, 7.0, 
1.0 Hz), 7.28 (2H, m), 7.29 (1H, dt, J=8.0, 1.0 Hz), 7.39 (1H, dt, 
J=8.0, 1.0 Hz), 7.68 (2H, m). MS m/z: 316 (M+). Anal. Calcd for 
C16H16N2O3S·1/4H2O: C, 59.89; H, 5.18; N, 8.73. Found: C, 
59.91; H, 5.00; N, 8.71.

1-Methoxy-3-tosylaminomethylindole (87) from 86 — Ethe-
real CH2N2 (excess) was added to a solution of 86 (32.3 mg, 
0.10 mmol) in MeOH (1.0 mL) and stirring was continued at 
rt for 30 min. After evaporation of the solvent under reduced 
pressure, the residue was column-chromatographed on SiO2 
with CH2Cl2 to give 87 (32.2 mg, 96%). 87: mp 176.0–178.5 °C 
(colorless prisms, recrystallized from MeOH). IR (KBr): 3300, 
1600, 1423, 1315, 1243, 1145, 1089, 1024, 952, 866, 812, 746, 
681, 541 cm-1. 1H-NMR (5% CD3OD–CDCl3) δ: 2.43 (3H, s), 
4.02 (3H, s), 4.25 (2H, s), 7.07 (1H, ddd, J=8.0, 7.1, 1.0 Hz), 
7.10 (1H, s), 7.23 (1H, ddd, J=8.2, 7.1, 1.0 Hz), 7.28 (2H, m), 
7.37 (1H, dt, J=8.2, 1.0 Hz), 7.41 (1H, dt, J=8.0, 1.0 Hz), 7.74 
(2H, m). MS m/z: 330 (M+). Anal. Calcd for C17H18N2O3S: 
C, 61.80; H, 5.49; N, 8.48. Found: C, 61.71; H, 5.50; N, 8.41.

Methyl N-(2,3-dihydroindol-3-yl) methyl succinamate (90) 
and N-(2,3-Dihydroindol-3-yl) methyl- succinimide (89) from 
methyl N-(indol-3-yl) methyl succinamate (88) — Prepared 
according to the method for 85, where 95% NaBH3CN (66.0 
mg, 1.00 mmol) and 88 (49.8 mg, 0.19 mmol) in AcOH (2.0 mL) 
were used. After usual work-up and purification, 89 (6.5 mg, 
15%) and 90 (41.0 mg, 82%) were obtained. 90: mp 73.0–74.0 
°C (colorless prisms, recrystallized from CH2Cl2–hexane). IR 
(KBr): 3290, 1726, 1638, 1609, 1542, 1483, 1433, 1338, 1197, 
1174, 745 cm-1. 1H-NMR (CD3OD) δ: 2.50 (2H, t, J=6.8 Hz), 
2.61 (2H, t, J=6.8 Hz), 3.25 (1H, dd, J=9.3, 5.5 Hz), 3.28–3.32 
(1H, m), 3.41–3.47 (2H, m), 3.56 (1H, t, J=9.3 Hz), 3.66 (3H, s), 
6.68 (1H, d, J=7.6 Hz), 6.69 (1H, td, J=7.6, 1.0 Hz), 7.00 (1H, 
t, J=7.6 Hz), 7.14 (1H, d, J=7.6 Hz). MS m/z: 262 (M+). Anal. 
Calcd for C14H18N2O3: C, 64.10; H, 6.92; N, 10.68. Found: C, 
64.11; H, 6.90; N, 10.69. 89: mp 94.5–96.0 °C (colorless prisms, 
recrystallized from MeOH). IR (KBr): 3370, 2990, 2820, 1778, 
1689, 1608, 1405, 1351, 1247, 1124, 1151, 755 cm-1. 1H-NMR 
(CD3OD) δ: 2.71 (4H, s), 3.29 (1H, dd, J=9.5, 5.1 Hz), 3.48 (1H, 
dd, J=9.5, 8.4 Hz), 3.57 (1H,  m), 3.64 (1H, dd, J=13.1, 8.7 Hz), 
3.71 (1H, dd, J=13.1, 5.4 Hz), 6.66 (1H, t, J=7.8 Hz), 6.68 (1H, 
td, J=7.3, 1.0 Hz), 7.01 (1H, m), 7.08 (1H, d, J=7.3 Hz). MS m/z: 
230 (M+). Anal. Calcd for C13H14N2O2: C, 67.81; H, 6.13; N, 
12.17. Found: C, 67.77; H, 6.11; N, 12.08.

Methyl N-(1-hydroxyindol-3-yl) Methyl Succinamate (91a) 
from 90 — Prepared according to the method for 82b, where 
Na2WO4·2H2O (14.6 mg, 0.04 mmol) in H2O (0.4 mL), 90 
(56.8 mg, 0.21 mmol) in MeOH (3.5 mL), and 30% H2O2 
(249.9 mg, 2.21 mmol) in MeOH (1.0 mL) were used. After usu-
al work-up and purification, 91a (37.5 mg, 63%) was obtained. 
91a: mp 115.5–116.0 °C (colorless needles, recrystallized from 
EtOAc). IR (KBr): 3350, 3120, 2930, 1710, 1637, 1535, 1443, 
1387, 1358, 1243, 1218, 1174, 735 cm-1. 1H-NMR (CD3OD) 
δ: 2.48 (2H, t, J=6.7 Hz), 2.62 (2H, t, J=6.7 Hz), 3.61 (3H, s), 
4.48 (2H, s), 7.01 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.15 (1H, ddd, 
J=8.3, 7.1, 1.0 Hz), 7.24 (1H, s), 7.36 (1H, dt, J=8.3, 1.0 Hz), 
7.54 (1H, dt, J=8.1, 1.0 Hz). MS m/z: 276 (M+). Anal. Calcd for 
C14H16N2O4: C, 60.86; H, 5.84; N, 10.14. Found: C, 60.72; H, 
5.85; N, 10.12.



 

www.mkscienceset.com Wor Jour of Molecu Medicine 2025Page No: 69

Methyl N-(1-methoxyindol-3-yl) Methyl Succinamate (91b) 
from 91a — Ethereal CH2N2 (excess) was added to a solution 
of 91a (25.5 mg, 0.09 mmol) in MeOH (1.0 mL) and stirring was 
continued at rt for 30 min. After evaporation of the solvent under 
reduced pressure, the residue was column-chromato- graphed on 
SiO2 with CH2Cl2–MeOH (99:1, v/v) to give 91b (25.5 mg, 
95%). 91b: mp 75.0–76.5 °C (colorless prisms, recrystallized 
from CH2Cl2–hexane). IR (KBr): 3280, 1730, 1634, 1537, 
1445, 1349, 1319, 1201, 1136, 736 cm-1. 1H-NMR (CD3OD) δ: 
2.49 (2H, t, J=7.1 Hz), 2.62 (2H, t, J=7.1 Hz), 3.61 (3H, s), 4.05 
(3H, s), 4.48 (2H, s), 7.06 (1H, ddd, J=7.8, 7.1, 1.0 Hz), 7.20 
(1H, ddd, J=8.3, 7.1, 1.0 Hz), 7.36 (1H, s), 7.39 (1H, dt, J=8.3, 
1.0 Hz), 7.58 (1H, dt, J=7.8, 1.0 Hz). MS m/z: 290 (M+). Anal. 
Calcd for C15H18N2O4: C, 62.05; H, 6.25; N, 9.65. Found: C, 
62.05; H, 6.33; N, 9.60.

1-Methylthiomethylindole (93) from Gramine (92) — MeI 
(1.45 mL, 23.3 mmol) was added to a solution of 92 (399.3 mg, 
2.30 mmol) in THF (23.0 mL) and stirred at rt for 1 h. The sol-
vent was evaporated under reduced pressure to leave a residue, 
which was dissolved in MeOH (20.0 mL). To the resultant solu-
tion, 15% aqueous NaSMe (10.7 mL, 23.3 mmol) was added 
and stirred at rt for 15 h. After addition of H2O, the whole was 
extracted with CH2Cl2–MeOH (95:5, v/v). The extract was 
washed with brine, dried over Na2SO4, and evaporated under 
reduced pressure to leave a residue, which was column-chro-
matographed on SiO2 with CHCl3–MeOH–28% aq. NH3 
(100:20:2, v/v) to give 93 (325.7 mg, 80%) and 92 (65.7 mg, 
recovery, 17%) in the order of elution. 93: mp 91.0–92.5 °C (col-
orless prisms, recrystallized from CH2Cl2–hexane). IR (KBr): 
3310, 1645, 1555, 1456, 1421, 1354, 1253, 1097, 745, 639 cm-1. 
1H-NMR (CD3OD) δ: 1.98 (3H, s), 3.89 (2H, s), 7.00 (1H, ddd, 
J=8.1, 7.2, 0.9 Hz), 7.09 (1H, ddd, J=8.2, 7.2, 1.1 Hz), 7.14 (1H, 

s), 7.32 (1H, dd, J=8.2, 0.9 Hz), 7.62 (1H, dd, J=8.1, 1.1 Hz). 
Anal. Calcd for C10H11NS: C, 67.79; H, 6.25; N, 7.88. Found: 
C, 67.76; H, 6.25; N, 7.90.

Synthesis of 1-hydroxyindole Derivatives (3) (Scheme 9)
3-Dihydro-3-methylthiomethylindole (94) from 93 — Pre-
pared according to the method for 85, where 95% NaBH3CN 
(355.5 mg, 5.37 mmol) and 93 (100.2 mg, 0.56 mmol) in AcOH 
(6.0 mL) were used. After usual work-up and purification, 93 
(21.8 mg, recovery, 22%) and 94 (55.5 mg, 55%) were obtained. 
94: colorless oil. IR (film): 3370, 2920, 1607, 1488, 1465, 1249, 
747 cm-1. 1H-NMR (CDCl3) δ: 2.15 (3H, s), 2.68 (1H, dd, 
J=12.8, 9.4 Hz), 2.91 (1H, dd, J=12.8, 5.1 Hz), 3.44 (1H, dd, 
J=9.2, 6.2 Hz), 3.49–3.55 (1H, m), 3.75 (1H, t, J=9.2 Hz), 6.68 
(1H, d, J=7.6 Hz), 6.75 (1H, t, J=7.6 Hz), 7.06 (1H, t, J=7.6 
Hz), 7.17 (1H, d, J=7.6 Hz). MS m/z: 179 (M+). Anal. Calcd 
for C10H13NS: C, 66.99; H, 7.31; N, 7.81. Found: C, 67.10; H, 
7.36; N, 7.93.

1-Hydroxy-3-methylsulfinylmethylindole (95) from 94 — Pre-
pared according to the method for 82b, where Na2WO4·2H2O 
(47.5 mg, 0.14 mmol) in H2O (0.7 mL), 94 (128.9 mg, 0.72 
mmol) in MeOH (6.0 mL), and 30% H2O2 (803.7 mg, 7.09 
mmol) in MeOH (1.0 mL) were used. Then, a solution of Me2S 
(0.42 mL, 5.76 mmol) in MeOH (1.0 mL) was added to the reac-
tion mixture. After usual work-up and purification, 95 (41.2 mg, 
27%) was obtained. 95: mp 114.0–115.0 °C (pale orange prisms, 
recrystallized from EtOAc). IR (KBr): 2580, 1349, 1322, 1240, 
1093, 1007, 947, 735 cm-1. 1H-NMR (CD3OD) δ: 2.53 (3H, s), 
4.23 (1H, d, J=13.7 Hz), 4.30 (1H, d, J=13.7 Hz), 7.08 (1H, ddd, 
J=8.1, 7.0, 1.0 Hz), 7.20 (1H, ddd, J=8.1, 7.0, 1.0 Hz), 7.39 (1H, 
s), 7.42 (1H, d, J=8.1 Hz), 7.62 (1H, d, J=8.1 Hz). High resolution 
MS m/z: Calcd for C10H11NO2S: 209.0510. Found: 209.0508.

Scheme: 9 1-Hydroxyinole derivatives (3)

1-Methoxy-3-methylsulfinylmethylindole (96) and 1-me-
thoxy-3-methylsulfonylmethylindole (97) from 94 — [En-
try 1]: Prepared according to the method for 82b, where 
Na2WO4·2H2O (35.5 mg, 0.11 mmol) in H2O (0.5 mL), 94 

(94.7 mg, 0.53 mmol) in MeOH (4.0 mL), and 30% H2O2 (600.3 
mg, 5.30 mmol) in MeOH (1.0 mL) were used. After stirring at 
rt for 5 min, a solution of Me2S (0.31 mL, 4.23 mmol) in MeOH 
(1.0 mL) was added and stirred for 30 min. Ethereal CH2N2 
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(excess) was then added and stirred for 30 min. After usual 
work-up and purification by column-chromatography on SiO2 
with CH2Cl2–MeOH (99:1, v/v), 97 (20.1 mg, 16%) and 96 
(31.8 mg, 27%) were obtained. 96: mp 67.0–69.0 °C (colorless 
prisms, recrystallized from CH2Cl2–hexane). IR (KBr): 3420, 
1453, 1435, 1349, 1321, 1093, 1063, 1025, 965, 946, 747 cm-1. 
1H-NMR (CD3OD) δ: 2.54 (3H, s), 4.11 (3H, s), 4.21 (1H, dd, 
J=13.8, 0.6 Hz), 4.30 (1H, dd, J=13.8, 0.6 Hz), 7.13 (1H, ddd, 
J=8.1, 7.1, 1.0 Hz), 7.25 (1H, ddd, J=8.3, 7.1, 1.0 Hz), 7.45 (1H, 
dt, J=8.3, 1.0 Hz), 7.53 (1H, s), 7.66 (1H, dt, J=8.1, 1.0 Hz). 
MS m/z: 223 (M+). Anal. Calcd for C11H13NO2S·1/8H2O: C, 
58.58; H, 5.81; N, 6.21. Found: C, 58.49; H, 5.84; N, 6.14. 97: 
mp 101.5–102.5 °C (colorless plates, recrystallized from CH-
2Cl2–hexane). IR (KBr): 3100, 2930, 1455, 1320, 1263, 1244, 
1147, 1120, 968, 945, 747, 736 cm-1. 1H-NMR (CDCl3) δ: 2.75 
(3H, s), 4.13 (3H, s), 4.41 (2H, s), 7.21 (1H, ddd, J=8.1, 7.1, 
1.0 Hz), 7.31 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.48 (1H, dt, J=8.1, 
1.0 Hz), 7.48 (1H, s), 7.62 (1H, dt, J=8.1, 1.0 Hz). MS m/z: 
239 (M+). Anal. Calcd for C11H13NO3S: C, 55.21; H, 5.48; N, 
5.85. Found: C, 55.19; H, 5.47; N, 5.81.

3-Acetylthiomethylindole (99) from 92 — MeI (0.12 mL, 1.85 
mmol) was added to a solution of 92 (32.2 mg, 0.19 mmol) in 
THF (2.0 mL) at rt and stirring was continued for 1 h. The sol-
vent was evaporated under reduced pressure to leave a residue, 
which was dissolved in DMF–H2O (3:1, v/v, 2.0 mL). To the 
resultant solution, KSCOMe (31.7 mg, 0.28 mmol) was added 
and stirred at rt for 2 h. After usual work-up and purification 
by column-chromatography on SiO2 with CHCl3–MeOH–28% 
aq. NH3 (100:20:2, v/v), 99 (29.8 mg, 79%) and 92 (6.9 mg, 
recovery, 21%) were obtained. 99: colorless oil. IR (film): 3350, 
1676, 1454, 1419, 1352, 1339, 1136, 1116, 1095, 959, 740 cm-1. 
1H-NMR (CDCl3) δ: 2.34 (3H, s), 4.35 (2H, d, J=0.7 Hz), 7.14 
(1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.18 (1H, d, J=2.4 Hz), 7.21 (1H, 
ddd, J=8.1, 7.1, 1.0 Hz), 7.35 (1H, dt, J=8.1, 1.0 Hz), 7.60 (1H, 
d, J=8.1 Hz), 8.03 (1H, br s). High resolution MS m/z: Calcd for 
C11H11NOS: 205.0561. Found: 205.0541.

3-Acetylthiomethyl-2,3-dihydroindole (100) from 99 — Pre-
pared according to the method for 94, where 95% NaBH3CN 
(42.6 mg, 0.64 mmol) and 99 (26.2 mg, 0.13 mmol) in AcOH–

CF3CO2H (3:1, v/v, 1.5 mL) were used. After usual work-up, 
100 (17.8 mg, 67%) was obtained. 100: colorless oil. IR (film): 
3370, 1692, 1611, 1487, 1465, 1252, 1138, 957, 748 cm-1. 
1H-NMR (CDCl3) δ: 2.36 (3H, s), 3.10 (1H, dd, J=13.6, 8.3 
Hz), 3.28 (1H, dd, J=13.6, 5.4 Hz), 3.30 (1H, dd, J=9.1, 6.1 Hz), 
3.48–3.53 (1H, m), 3.68 (1H, t, J=9.1 Hz), 6.65 (1H, d, J=7.5 
Hz), 6.73 (1H, td, J=7.5, 1.0 Hz), 7.06 (1H, t, J=7.5 Hz), 7.19 
(1H, d, J=7.5 Hz). High resolution MS m/z: Calcd for C11H-
13NOS: 207.0718. Found: 207.0763.

3-Acetylthiomethyl-1-methoxyindole (101) from 99 — Crude 
100, prepared with 95% NaBH3CN (60.6 mg, 0.92 mmol) and 
99 (37.9 mg, 0.18 mmol) in AcOH–CF3CO2H (3:1, v/v, 2.0 
mL), was dissolved in MeOH (1.5 mL). To the resultant solution, 
a solution of Na2WO4·2H2O (12.3 mg, 0.04 mmol) in H2O (0.2 
mL) and then a solution of 30% H2O2 (207.8 mg, 1.83 mmol) 
in MeOH (0.5 mL) were added under ice cooling and stirred at 
rt for 20 min. Ethereal CH2N2 (excess) was added to the mix-
ture and stirring was continued at rt for 1 h. After usual work-up 
and purification, 101 (6.6 mg, 15%) was obtained. 101: colorless 
oil. IR (film): 2940, 1689, 1452, 1354, 1232, 1133, 1097, 1031, 
954, 758, 737 cm-1. 1H-NMR (CDCl3) δ: 2.34 (3H, s), 4.06 
(3H, s), 4.29 (2H, d, J=0.7 Hz), 7.13 (1H, ddd, J=8.1, 7.1, 1.0 
Hz), 7.24–7.27 (2H, m), 7.43 (1H, dt, J=8.1, 1.0 Hz), 7.57 (1H, 
dt, J=8.1, 1.0 Hz). High resolution MS m/z: Calcd for C12H-
13NO2S: 235.0667. Found: 235.0685.

Synthesis of 1-hydroxyindole derivatives (4) (Scheme 10)
3-Dihydro-N, N-dimethylindole-3-acetamide (103a) from N, 
N-dimethylindole-3-acetamide (102a) — Prepared accord-
ing to the method for 94, where 95% NaBH3CN (394.5 mg, 
5.96 mmol) and 102a (241.1 mg, 1.20 mmol) in AcOH (10.0 
mL) were used. After work-up, 103a (236.6 mg, 97%) was ob-
tained.103a: colorless oil. IR (film): 3310, 2930, 1630, 1488, 
1465, 1407, 1322, 1254, 1143, 748 cm-1. 1H-NMR (CDCl3) δ: 
2.58 (1H, dd, J=16.0, 8.9 Hz), 2.73 (1H, dd, J=16.0, 4.8 Hz), 
2.94 (3H, s), 2.97 (3H, s), 3.23–3.26 (1H, m), 3.78–3.86 (2H, 
m), 6.65 (1H, d, J=7,7 Hz), 6.71 (1H, td, J=7.3, 1.0 Hz), 7.04 
(1H, d, J=7.7 Hz), 7.10 (1H, d, J=7.3 Hz). High resolution MS 
m/z: Calcd for C12H16N2O: 204.1263. Found: 204.1255.

Scheme: 10 1-Hydroxyindole derivatives (4)

3-Dihydro-N, N-dimethylindole-3-propionamide (103b) 
from N, N-dimethylindole-3-propionamide (102b) — Pre-
pared according to the method for 94, where 95% NaBH3CN 

(303.5 mg, 4.59 mmol) and 102b (201.4 mg, 0.93 mmol) in 
AcOH (10.0 mL) were used. After usual work-up and purifica-
tion, 103b (199.8 mg, 98%) was obtained. 103b: colorless oil. 
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IR (film): 3290, 2920, 1628, 1486, 1459, 1399, 1247, 1143, 747 
cm-1. 1H-NMR (CDCl3) δ: 1.88–1.96 (1H, m), 2.11–2.18 (1H, 
m), 2.33–2.45 (2H, m), 2.95 (3H, s), 2.99 (3H, s), 3.24 (1H, dd, 
J=8.8, 6.4 Hz), 3.33–3.39 (1H, m), 3.70 (1H, t, J=8.8 Hz), 6.64 
(1H, d, J=7.6 Hz), 6.72 (1H, td, J=7.6, 1.0 Hz), 7.03 (1H, d, 
J=7.6 Hz), 7.11 (1H, d, J=7.6 Hz). High resolution MS m/z: Cal-
cd for C13H18N2O: 218.1419. Found: 218.1427.

N, N-Dimethyl-1-hydroxyindole-3-acetamide (104a) from 
103a — Prepared according to the method for 82b where 
Na2WO4·2H2O (131.6 mg, 0.40 mmol) in H2O (4.0 mL), 103a 
(407.4 mg, 2.00 mmol) in MeOH (3.0 mL), and 30% H2O2 
(2.214 g, 19.5 mmol) in MeOH (5.0 mL) were used. After usual 
work-up, 104a (321.4 mg, 74%) was obtained. 104a: mp 146.0–
147.0 °C (colorless prisms, recrystallized from CHCl3–hexane). 
IR (KBr): 2600, 1590, 1405, 1316, 1216, 1086, 758, 741 cm-
1. 1H-NMR (CDCl3) δ: 2.97 (3H, s), 2.97 (3H, s), 3.61 (2H, 
s), 6.52 (1H, s), 6.98 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.16 (1H, 
ddd, J=8.1, 7.1, 1.0 Hz), 7.23 (1H, d, J=8.1 Hz), 7.43 (1H, d, 
J=8.1 Hz), 10.72 (1H, s, D2O exchange). Anal. Calcd for C12H-
14N2O2: C, 66.04; H, 6.47; N, 12.84. Found: C, 65.74; H, 6.36; 
N, 12.69.

N, N- Dimethy l -1- hydroxyindole-3-propionamide (104b)  
from 103b — Prepared according to the method for 82b, where 
Na2WO4·2H2O (208.4 mg, 0.63 mmol) in H2O (6.0 mL), 103b 
(688.0 mg, 3.16 mmol) in MeOH (55.0 mL), and 30% H2O2 
(3.543 g, 31.3 mmol) in MeOH (5.0 mL) were used. After usual 
work-up and purification, 104b (483.9 mg, 66%) was obtained. 
104b: mp 144.0–145.0 °C (colorless prisms, recrystallized from 
CHCl3–hexane). IR (KBr): 2760, 1598, 1402, 1310, 1140, 1026, 
736 cm-1. 1H-NMR (DMSO-d6) δ: 2.63 (2H, dd, J=8.2, 7.2 Hz), 
2.82 (3H, s), 2.88 (2H, dd, J=8.2, 7.2 Hz), 2.93 (3H, s), 6.97 (1H, 
ddd, J=8.1, 7.1, 1.0 Hz), 7.12 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.23 
(1H, s), 7.31 (1H, d, J=8.1 Hz), 7.51 (1H, d, J=8.1 Hz), 10.98 
(1H, s, D2O exchange). Anal. Calcd for C13H16N2O2·1/4H2O: 
C, 65.94; H, 7.02; N, 11.83. Found: C, 66.14; H, 6.85; N, 11.80.

9-Hydroxy-1,2,3,4-tetrahydrocarbazole (106) from 1, 2, 3, 4, 
4a, 9a-hexahydrocarbazole (105) — Prepared according to the 
method for 82b, where Na2WO4·2H2O (28.7 mg, 0.087 mmol) 
in H2O (1.0 mL), 105 (71.8 mg, 0.41 mmol) in MeOH (10.0 
mL), and 30% H2O2 (0.45 mL, 3.92 mmol) were used. After 
usual work-up and purification, 105 (13.3 mg, 18%) and 106 
(50.1 mg, 65%) were obtained. 106: yellow oil. IR (film): 3061, 
2931, 2857, 1458, 1238, 1178, 740 cm-1. 1H-NMR (CD3OD) 
δ: 1.73–1.84 (4H, m), 2.55–2.57 (2H, m), 2.64–2.66 (2H, m), 
6.83 (1H, t, J=7.9 Hz), 6.94 (1H, t, J=7.9 Hz), 7.18 (1H, d, J=7.9 
Hz), 7.23 (1H, d, J=7.9 Hz). High resolution MS m/z: Calcd for 
C12H13NO: 187.0997. Found: 187.1001.

9-Methoxy-1,2,3,4-tetrahydrocarbazole (107) from 1, 2, 3, 4, 
4a, 9a-hexahydrocarbazole (105) — Prepared according to the 
method for 82b, where Na2WO4·2H2O (19.3 mg, 0.028 mmol), 
105 (50.6 mg, 0.29 mmol) in MeOH (4.0 mL), and 30% H2O2 
(331.6 mg, 2.92 mmol) in MeOH (1.0 mL) were used. After 
methylation with CH2N2 and work-up, product purification was 
carried out by p-TLC on SiO2 with CH2Cl2–hexane (7:3, v/v) 
as a developing solvent to afford 107 (32.2 mg, 55%). 107: col-
orless oil. IR (KBr): 2942, 2842, 1459, 1443, 1230, 1046, 735 
cm-1. 1H-NMR (CDCl3) δ: 1.68–2.08 (4H, m), 2.52–2.92 (4H, 

br m), 3.99 (3H, s), 6.88–7.48 (4H, m). High resolution MS m/z: 
Calcd for C13H15NO: 201.1152. Found: 201.1134.

9-Methoxy-1,2,3,4-tetrahydrocarbazole (107) from 105 — 
K2CO3 (173.3 mg, 1.25 mmol) and Me2SO4 (0.053 mL, 0.56 
mmol) were added to a solution of 105 (67.0 mg, 0.33 mmol) 
in acetone (10.0 mL) and the mixture was stirred at rt for 2 h. 
After usual work-up and purification, 107 (54.8 mg, 70%) was 
obtained.

9-Methoxycarbazole (108) from 107 — Dichlorodicyanoqui-
none (469.4 mg, 2.38 mmol) was added to a solution of 107 
(188. 9 mg, 0.94 mmol) in benzene (30.0 mL) and stirred at rt 
(14 °C) for 3 h. Precipitates were filtered off through silica gel 
and washed with CH2Cl2. Washings and filtrates were combined 
and evaporated under reduced pressure to leave a crystalline sol-
id, which was column-chromatographed on SiO2 with hexane–
EtOAc (9:1, v/v) as an eluent to afford 108 (121.1 mg, 65%). 
108: mp 40.0–41.0 °C (colorless needles, recrystallized from 
MeOH). IR (KBr): 1601, 1450, 1320, 1233, 1052, 946 cm-1. 
1H-NMR (CDCl3) δ: 4.12 (3H, s), 7.19 (1H, dd, J=7.3, 2.7 Hz), 
7.25 (1H, dd, J=7.3, 2.7 Hz), 7.34–7.58 (4H, m), 8.02 (2H, dt, 
J=7.3, 1.0 Hz). MS m/z: 197 (M+). Anal. Calcd for C13H11NO: 
C, 79.17; H, 5.62; N, 7.10. Found: C, 79.36; H, 5.55; N, 7.21.

A Mixture of Diastereoisomers, 4-nitro-1,2,2a,3,4,5-hexahy-
drobenz[cd]indole (110) from 4-nitro- 1,3,4,5-Tetrahydro-
benz[cd]indole (109) — Prepared according to the method for 
94, where 95% NaBH3CN (60.8 mg, 0.97 mmol) and 109 (35.9 
mg, 0.18 mmol) in AcOH–CF3CO2H (3:2, v/v, 2.0 mL) were 
used. After usual work-up, crude 110 was subjected to p-TLC 
on SiO2 with CH2Cl2–hexane (3:1, v/v) as a developing sol-
vent. Extraction of the band having a Rf value of 0.39–0.14 with 
CH2Cl2–MeOH (95:5, v/v) afforded pure 110 (34.4 mg, 95%). 
Although 1H-NMR analysis of 110 showed 2:1 mixture of dias-
tereoisomers, further separation was not examined.

1-Hydroxy-4-nitro-1,3,4,5-tetrahydrobenz[cd]indole (111) 
from a Diastereoisomer’s Mixture (110) — Prepared ac-
cording to general method C for 82b, where Na2WO4·2H2O 
(10.5 mg, 0.03 mmol) in H2O (0.2 mL), urea·H2O2 (138.6 mg, 
1.47 mmol), and diastereoisomer’s mixture, 110 (30.2 mg, 0.15 
mmol), in MeOH (2.0 mL) were used. The reaction mixture was 
adjusted to pH 4 by adding 0.6% HCl and extracted with CH-
2Cl2–MeOH (95:5, v/v). After usual work-up and purification, 
111 (16.9 mg, 52%) was obtained. 111: mp 134–134.5 ℃ (col-
orless prisms, recrystallized from CH2Cl2–hexane). IR (KBr): 
3427, 3112, 2971, 1604, 1530, 1442, 1419, 1349, 1149, 1001, 
848, 769, 751 cm-1. 1H-NMR (CDCl3) δ: 3.50 (2H, br s), 3.52 
(1H, dd, J=15.6, 4.4 Hz), 3.61 (1H, dd, J=15.6, 9.3 Hz), 4.98 
(1H, ddd, J=13.7, 9.3, 4.4 Hz), 6.79 (1H, br s, D2O exchange), 
6.89 (1H, br s), 7.01 (1H, br s), 7.21 (1H, dd, J=7.8, 7.3 Hz). 
High resolution MS m/z: Calcd for C11H10N2O3: 218.0690. 
Found: 218.0692.

1-Methoxy-4-nitro-1,3,4,5-tetrahydrobenz[cd]indole (112) 
from 111 — Diazomethane-ether solution (excess) was added 
to a solution of 111 (7.5 mg, 0.04 mmol) in MeOH (1.0 mL) at 
rt with stirring for 0.5 h. After evaporation of solvent under re-
duced pressure, the residue was purified by p-TLC on SiO2 with 
CH2Cl2–hexane (1:1, v/v) as a developing solvent. Extraction 
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of the band having a Rf value of 0.50–0.31 with CH2Cl2–MeOH 
(95:5, v/v) afforded 112 (5.1 mg, 64%). 112: pale brown oil. IR 
(KBr): 3450, 2941, 1605, 1521, 1440, 1561, 1540, 983, 761, 747 
cm-1. 1H-NMR (CDCl3) δ: 3.48 (2H, dd, J=17.3, 1.0 Hz), 3.54 
(1H, dd, J=15.6, 4.6 Hz), 3.61 (1H, dd, J=15.6, 9.3 Hz), 4.07 
(3H, s), 4.99 (1H, ddt, J=9.3, 7.3, 4.6 Hz), 6.90 (1H, d, J J=7.3 
Hz), 7.02 (1H, s), 7.20 (1H, dd, J=7.8, 7.3 Hz), 7.25 (1H, d, 
J=7.8 Hz). High resolution MS m/z: Calcd for C12H12N2O3: 
232.0847. Found: 232.0893.

Synthesis of 1-hydroxyindole derivatives (5) (Scheme 11)
A mixture of Diastereoisomers, 4-(N-phenylacetylami-
no)-1, 2, 2aβ, 3, 4β, 5-hexahydrobenz[cd]indole (114a)  and  
4-(N-phenylacetylamino)-1,2,2aα,3,4β,5-hexahydrobenz[cd]
indole  (114b)  from 4-(N-phenylacetylamino)-1,3,4,5-tetra-
hydrobenz[cd]indole (113) — Prepared according to the meth-
od for 94, where 95%NaBH3CN (46.0 mg, 0.73 mmol) and 113 
(40.1 mg, 0.14 mmol) in AcOH–CF3CO2H (4:1, v/v, 2.0 mL) 
were used. After work-up and purification, 114a (17.0 mg, 47%) 
and 114b (16.7 mg, 41%) were obtained. 114a: colorless oil. IR 

(KBr): 3261, 3037, 2910, 2843, 1637, 1603, 1532, 1491, 1452, 
1333, 1247, 1233, 761, 718, 692 cm-1. 1H-NMR (CD3OD) δ: 
1.45 (1H, dt, J=12.8, 3.2 Hz), 2.29 (1H, dt, J=12.8, 4.6 Hz), 2.70 
(1H, d, J=18.3 Hz), 2.96 (1H, dd, J=18.3, 6.4 Hz), 3.00 (1H, dd, 
J=11.9, 8.3 Hz), 3.10–3.19 (1H, m), 3.46 (1H, d, J=14.2 Hz), 
3.50 (1H, d, J=14.2 Hz), 3.57 (1H, dd, J=8.3, 7.3 Hz), 4.39–4.46 
(1H, m), 6.51 (2H, t, J=7.3 Hz), 6.94 (1H, dd, J=8.3, 7.3 Hz), 
7.19–7.24 (1H, m), 7.27 (2H, s), 7.28 (2H, s). High resolution 
MS m/z: Calcd for C19H20N2O: 292.1575. Found: 292.1578. 
114b: mp 161–162℃ (colorless prisms, recrystallized from 
EtOAc–hexane). IR (KBr): 3233, 3054, 2928, 2883, 1637, 1551, 
1452, 1280, 1243, 762, 727, 691 cm-1. 1H-NMR (CD3OD) δ: 
1.39 (1H, q, J=11.9 Hz), 2.24 (1H, dt, J=11.9, 3.7 Hz), 2.48 (1H, 
dd, J=16.5, 11.9 Hz), 2.99 (1H, dd, J=11.9, 8.3 Hz), 3.06 (1H, 
dd, J=16.5, 6.4 Hz), 3.12–3.22 (1H, m), 3.51 (2H, s), 3.58 (1H, 
t, J=8.3 Hz), 4.20 (1H, ddt, J=11.9, 6.4, 3.7 Hz), 6.49 (2H, d, 
J=7.3 Hz), 6.91 (1H, dd, J=8.3, 7.3 Hz), 7.20–7.26 (1H, m), 7.30 
(2H, s), 7.31 (2H, s). MS m/z: 292 (M+). Anal. Calcd for C19H-
20N2O: C, 78.05; H, 6.90; N, 9.58. Found: C, 77.91; H, 6.92; 
N, 9.42.

Scheme: 11 1-Hydroxyindole derivatives (5)

1-Methoxy-4-(N-phenylacetylamino)-1,3,4,5-tetrahydro-
benz[cd]indole (115) from a mixture of diastereoisomers, 
4-(N-phenylacetylamino)-1,2,2a,3,4,5-hexahydrobenz[cd]
indoles (114a, 114b) — Prepared according to general method 
C for 6, where Na2WO4·2H2O (6.6 mg, 0.02 mmol) in H2O 
(0.2 mL), urea·H2O2 (95.2 mg, 1.01 mmol), and diastereoiso-
mer’s mixture, 114a and 114b (29.1 mg, 0.10 mmol) in MeOH 
(2.0 mL) were used. To the reaction mixture, K2CO3 (247.1 mg, 
1.79 mmol) and Me2SO4 (80.0 mg, 0.64 mmol) were added and 
stirred at rt for 1.5 h. After usual work-up and purification, 115 
(12.8 mg, 40%) was obtained. 115: mp 138–139 ℃ (colorless 
prisms, recrystallized from CH2Cl2–hexane). IR (KBr): 3301, 
3053, 2943, 1635, 1543, 1493, 1442, 1342, 985, 752, 731 cm-1. 
1H-NMR (CDCl3) δ: 2.74 (1H, dd, J=15.6, 5.9 Hz), 2.90 (1H, 
dd, J=15.6, 5.9 Hz), 3.01 (1H, dd, J=15.6, 3.7 Hz), 3.11 (1H, dd, 
J=15.6, 3.7 Hz), 3.43 (2H, s), 4.05 (3H, s), 4.61–4.69 (1H, m), 

5.44 (1H, br d, J=8.3 Hz), 6.79 (1H, d, J=7.3 Hz), 6.89 (1H, s), 
7.03 (1H, dd, J=7.3, 1.8 Hz), 7.13–7.22 (2H, m). MS m/z: 320 
(M+). Anal. Calcd for C20H20N2O2: C, 74.98; H, 6.29; N, 8.74. 
Found: C, 74.70; H, 6.20; N, 8.31.

A Mixture of Diastereoisomers, 4-N, N-di(n-propylami-
no)-1,2,2a,3,4,5-Hexahydrobenz[cd] Indole (117), from 4-N, 
N-di(n-propylamino)-1,3,4,5-tetrahydrobenz[cd]indole 
(116) — Prepared According to the Method for 94, where 95% 
NaBH3CN (27.2 mg, 0.43 mmol) and 116 (22.0 mg, 0.09 mmol) 
in AcOH–CF3CO2H (2:1, v/v, 1.5 mL) were used. After usual 
work-up, the Reaction Residue was Subjected to p-TLC on SiO2 
with CHCl3–MeOH–aq. 30% NH3–hexane (92:10:1:1, v/v) as a 
developing solvent. Extraction of the Band Having a Rf Value 
of 0.53–0.24 with CHCl3–MeOH–aq. 30% NH3 (46:5:0.5, v/v) 
afforded 117 (19.0 mg, 86%). Although 1H-NMR Analysis of 
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117 showed 6:1 Mixture of Diastereoisomers, Further Separa-
tion was not Examined.

4-N, N-Di(n-propylamino)-1-methoxy-1, 3, 4, 5-tetrahy-
drobenz[cd]indole (118) from a Diastereoiso- mer’s Mix-
ture (117) — Prepared according to the method for 6, where 
Na2WO4·2H2O (8.1 mg, 0.02 mmol) in H2O (0.2 mL), 
urea·H2O2 (116.8 mg, 1.24 mmol), and diastereoisomer’s mix-
ture, 117 (30.7 mg, 0.12 mmol) in MeOH (2.0 mL) were used. 
Then, the reaction mixture was treated with ethereal CH2N2 
(excess), followed by addition of PPh3 (319.5 mg, 1.26 mmol) 
under ice cooling, and the whole was stirred at rt for 20 min. Af-
ter usual work-up, products were separated by p-TLC on Al2O3 
with EtOAc–hexane (1:14, v/v) to give 118 (15.8 mg, 46%) and 
117 (4.2 mg, 14%). 118: pale brown oil. IR (KBr): 2950, 1606, 
1460, 1441, 1375, 1152, 1071, 984, 747 cm-1. 1H-NMR (pyri-
dine-d5) δ: 0.90 (6H, t, J=7.3 Hz), 1.42 (4H, sex, J=7.3 Hz), 2.47 
(4H, t, J J=7.3 Hz), 2.73 (1H, ddd, J=15.1, 12.0, 1.5 Hz), 2.92 
(1H, dd, J=15.1, 4.1 Hz), 2.95 (1H, d, J=12.0 Hz), 3.02 (1H, 
dd, J=15.1, 4.1 Hz), 3.20–3.27 (1H, m), 3.97 (3H, s), 6.98 (1H, 
d, J=7.8 Hz), 7.16 (1H, d, J=1.5 Hz), 7.29 (1H, dd, J=7.8, 6.8 
Hz), 7.36 (1H, d, J=7.8 Hz). High resolution MS m/z: Calcd for 
C18H26N2O: 286.2043. Found: 286.2044.

Synthesis of 1-hydroxyindole Derivatives (6) (Scheme 12)
1-Hydroxy-Nb-acetyltryptamine (120a) from Nb-ace-
tyl-2,3-dihydrotryptamine (119a)— Prepared according to the 
general method for 6, where Na2WO4·2H2O (66.4 mg, 0.20 

mmol), 119a (205.2 mg, 1.00 mmol) in MeOH (20.0 mL), and 
30% H2O2 (1.0 mL, 10.0 mmol) were used. After usual work-up 
and purification, 120a (121.5 mg, 55%) was obtained. 120a: mp 
138.0–139.0 °C (colorless prisms, recrystallized from EtOAc). 
IR (KBr): 3250, 3105, 1619, 1602, 1580, 743 cm-1. UV λmax-
MeOH nm (log s): 225 (4.52), 281 (3.62), 295 (3.66). 1H-NMR 
(CD3OD) δ: 1.89 (3H, s), 2.89 (2H, t, J=7.3 Hz), 3.43 (2H, t, 
J=7.3 Hz), 6.99 (1H, dd, J=8.3, 8.3 Hz), 7.10 (1H, s), 7.12 (1H, 
dd, J=8.3, 8.3 Hz), 7.34 (1H, d, J=8.3 Hz), 7.52 (1H, d, J=8.3 
Hz), 7.46 (1H, d, J=8.3 Hz). MS m/z: 218 (M+). Anal. Calcd for 
C12H14N2O2: C, 66.04; H, 6.47; N, 12.84. Found: C, 66.02; H, 
6.53; N, 12.77.

1-Hydroxy-Nb-methoxycarbonyltryptamine (120b) from 
Nb-methoxycarbonyl-2,3-dihydro- tryptamine (119b) 
— Prepared according to the general method for 6, where 
Na2WO4·2H2O (56.1 mg, 0.17 mmol) in H2O (1.8 mL), 119b 
(185.9 mg, 0.85 mmol) in MeOH (18.0 mL), and 30% H2O2 
(0.86 mL, 8.42 mmol) were used. After usual work-up and puri-
fication, 120b (131.5 mg, 67%) was obtained. 120b: mp 114.0–
115.0 °C (colorless needles, recrystallized from CH2Cl2–hex-
ane). IR (KBr): 3380, 3190, 1698, 1533, 1267, 983, 751 cm-1. 
UV λ MeOH nm (log s): 225 (4.53), 295 (3.66). 1H-NMR (CD 
OD) δ: 2.89 (2H, t, J=7.5 Hz), 3.36 (2H, t, J=7.9 Hz), 3.61 (3H, 
s), 6.99 (1H, t, J=7.9 Hz), 7.09 (1H, s), 7.13 (1H, t, J=7.9 Hz), 
7.34 (1H, d, J=7.9 Hz), 7.53 (1H, d, J=7.9 Hz). MS m/z: 234 
(M+). Anal. Calcd for C12H14N2O3: C, 61.53; H, 6.02; N, 
11.96. Found: C, 61.40; H, 6.02; N, 11.90.

Scheme: 12 1-Hydroxyindole Derivatives (6)

1-Hydroxy-Nb-trifluoroacetyltryptamine (120c) from 
Nb-trifluoroacetyl-2,3-dihydrotryptamine (119c) — Prepared 
according to the general method for 6, where Na2WO4·2H2O 
(57.8 mg, 0.18 mmol) in H2O (2.2 mL), 119c (218.6 mg, 0.85 
mmol) in MeOH (20.0 mL), and 30% H2O2 (984.0 mg, 8.68 
mmol) in MeOH (2.0 mL) were used. After usual work-up, the 
crude product was purified by column-chromatography on SiO2 
with CH2Cl2–MeOH (99:1, v/v) to give 120c (165.3 mg, 72%). 
120c: colorless oil. IR (film): 3310, 2935, 1721, 1698, 1566, 
1553, 1451, 1354, 1205, 1098, 1008, 741 cm-1. 1H-NMR (5% 
CD3OD in CDCl3) δ: 2.99 (2H, t, J=6.6 Hz), 3.62 (2H, q, J=6.6 
Hz), 7.07 (1H, s), 7.08 (1H, t, J=8.0 Hz), 7.22 (1H, t, J=8.0 Hz), 

7.38 (1H, br s), 7.44 (1H, d, J=8.0 Hz), 7.53 (1H, d, J=8.0 Hz). 
High resolution MS m/z: Calcd for C12H11F3N2O2: 272.0772. 
Found: 272.0779.

Nb, Nb-Dimethyl-1-hydroxytryptamine (120d) from Nb, 
Nb-dimethyl-2,3-dihydrotryptamine (119d)— Prepared ac-
cording to the general method for 6, where Na2WO4·2H2O 
(132.5 mg, 0.40 mmol) in H2O (4.0 mL), 119d (378.9 mg, 1.99 
mmol) in MeOH (40.0 mL), and 30% H2O2 (2.0 mL, 19.6 mmol) 
in MeOH (40.0 mL) were used. After usual work-up, the crude 
product was purified by column-chromatography on SiO2 with 
CHCl3–MeOH–28% aq. NH3 (46:5:0.5, v/v) to give 120d (70.5 
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mg, 55%). 120d: mp 179.5–180.0 °C (colorless needles, recrys-
tallized from MeOH–H2O). IR (KBr): 2415, 1470, 1447, 1320, 
1226, 838, 737 cm-1. UV λmaxMeOH nm (log s): 223 (4.48), 
292 (3.62). 1H-NMR (CD3OD) δ: 2.35 (6H, s), 2.64–2.68 (2H, 
m), 2.89–2.93 (2H, m), 6.99 (1H, dt, J=0.9 and 8.1 Hz), 7.09 
(1H, s), 7.13 (1H, dt, J=0.9, 8.1 Hz), 7.34 (1H, dt, J=8.1, 0.9 Hz), 
7.50 (1H, dt, J=8.1, 0.9 Hz). MS m/z: 204 (M+). Anal. Calcd for 
C12H16N2O: C, 70.56; H, 7.90; N, 13.71. Found: C, 70.35; H, 
8.04; N, 13.66.

1-Hydroxy-Nb-n-propyltryptamine (120e) from Nb-n-pro-
pyl-2,3-dihydrotryptamine (119e) — Prepared according to 
the general method for 6, where Na2WO4·2H2O (56.5 mg, 
0.17 mmol) in H2O (1.8 mL), 119e (173.4 mg, 0.85 mmol) in 
MeOH (18.0 mL), and 30% H2O2 (0.85 mL, 8.42 mmol) were 
used. After usual work-up, the crude product was purified by 
column-chromatography on SiO2 with CHCl3–MeOH–28% 
aq. NH3 (46:5:0.5, v/v) to give 120e (96.3 mg, 52%). 120e: mp 
147.0–148.0 °C (colorless needles, recrystallized from MeOH). 
IR (KBr): 2960, 2840, 1970, 1515, 1447, 1343, 1322, 1221, 
1089, 785, 734 cm-1. 1H-NMR (CD3OD) δ: 0.90 (3H, t, J=7.3 
Hz), 1.52 (2H, sext, J=7.3 Hz), 2.63 (2H, m), 2.94 (4H, m), 6.96 
(1H, dd, J=8.0, 1.1 Hz), 7.09 (1H, s), 7.11 (1H, dd, J=8.0, 1.1 Hz), 
7.37 (1H, ddd, J=8.0, 1.1, 0.7 Hz), 7.50 (1H, ddd, J=8.0, 1.1, 0.7 
Hz). MS m/z: 218 (M+). Anal. Calcd for C13H18N2O·1/8H2O: 
C, 70.80; H, 8.34; N, 12.70. Found: C, 70.91; H, 8.29; N, 12.70.

1-Methoxy-Nb-acetyltryptamine (121a) from 120a — Ethe-
real CH2N2 (excess) was added to a solution of 120a (51.6 mg, 
0.23 mmol) and stirred at rt for 1 h. After evaporation of the sol-
vent under reduced pressure, the residue was column-chromato-
graphed on SiO2 with CH2Cl2–MeOH (99:1, v/v) to give 121a 
(46.7 mg, 85%). 121a: colorless oil. IR (film): 3280, 3075, 1650, 
1551, 1451, 740 cm-1. 1H-NMR (CDCl3) δ: 1.93 (3H, s), 2.93 
(2H, t, J=6.6 Hz), 3.56 (2H, dt, J=5.9, 6.6 Hz), 4.06 (3H, s), 5.66 
(1H, br s, D2O exchange), 7.11 (1H, s), 7.12 (1H, br d, J=8.3 
Hz), 7.26 (1H, br d, J=8.3 Hz), 7.42 (1H, d, J=8.2 Hz), 7.56 (1H, 
d, J=8.3 Hz). High resolution MS m/z: Calcd for C13H16N2O2: 
232.1210. Found: 232.1214.

1-Methoxy-Nb-methoxycarbonyltryptamine (121b) from 
120b — Ethereal CH2N2 (excess) was added to a solution of 
120b (39.1 mg, 0.18 mmol) and stirred at rt for 1 h. After usual 
work-up and purification, 121b (34.3 mg, 83%) was obtained. 
121b: colorless oil. IR (film): 3320, 2930, 1705, 1525, 1452, 
1254, 737 cm-1. 1H-NMR (CDCl3) δ: 2.93 (2H, t, J=6.6 Hz), 
3.49 (2H, q, J=6.6 Hz), 3.66 (3H, s), 4.06 (3H, s), 4.76 (1H, br 
s), 7.10 (1H, s), 7.12 (1H, dt, J=1.1, 8.0 Hz), 7.25 (1H, dt, J=1.1, 
8.0 Hz), 7.42 (1H, d, J=8.0 Hz), 7.57 (1H, d, J=8.0 Hz). High 
resolution MS m/z: Calcd for C13H16N2O3: 248.1160. Found: 
248.1163.

1-Methoxy-Nb-trifluoroacetyltryptamine (121c) from 120c 
— Ethereal CH2N2 (excess) was added to a solution of 120c 
(32.7 mg, 0.12 mmol) and stirred at rt for 1 h. After usual work-
up, 121c (26.8 mg, 78%) was obtained. 121c: mp 70.5–71.0 
°C (colorless prisms, recrystallized from benzene–hexane). IR 
(KBr): 3270, 1732, 1702, 1567, 1454, 1215, 1186, 1148, 735 
cm-1. UV λmaxMeOH nm (log s): 223 (4.53), 276 (3.68), 290 
(3.69). 1H-NMR (CDCl3) δ: 3.02 (2H, t, J=6.7 Hz), 3.67 (2H, q, 
J=6.7 Hz), 4.07 (3H, s), 6.35 (1H, br s), 7.12 (1H, s), 7.14 (1H, 

t, J=8.0 Hz), 7.28 (1H, t, J=8.0 Hz), 7.44 (1H, d, J=8.0 Hz), 7.56 
(1H, d, J=8.0 Hz). High resolution MS m/z: Calcd for C13H13F-
3N2O3: 286.0928. Found: 286.0877.

Lespedamine [71, 73] (Nb, Nb-Dimethyl-1-methoxytrypt-
amine, 121d) from 120d — Ethereal CH2N2 (excess) was add-
ed to a solution of 120d (13.1 mg, 0.064 mmol) in MeOH (5.0 
mL) with stirring at rt until the starting material was not detected 
on tlc monitoring. After usual work-up and purification, 121d 
(8.0 mg, 57%) was obtained. 121d: colorless oil. IR (film): 2930, 
2855, 2820, 2770, 1460, 1093, 1051, 1034, 1007, 953 cm-1 (lit. 
[18] 1459 cm-1). 1H-NMR (CDCl3) δ: 2.37 (6H, s), 2.65 (2H, 
t, J=8.0 Hz), 2.93 (2H, t, J=8.0 Hz), 4.05 (3H, s), 7.10 (1H, dt, 
J=0.9, 7.8 Hz), 7.10 (1H, s), 7.23 (1H, dt, J=0.9, 7.8 Hz), 7.40 
(1H, dd, J=7.8, 0.9 Hz), 7.57 (1H, dd, J=7.8, 0.9 Hz) (lit.7b,18 
1H-NMR (CCl4) δ: 2.19 (6H, s), 2.32–2.96 (4H, m), 3.92 (3H, 
s), 6.62–7.45 (5H, m)).

Lespedamine (121d) and Lespedamine-Nb-oxide (122) from 
2,3-dihydro-Nb, Nb-dimethyltryptamine (119d) — Prepared 
according to the general method for 6, where Na2WO4·2H2O 
(15.1mg, 0.04 mmol) in H2O (0.5 mL), 119d (43.9 mg, 0.23 
mmol) in MeOH (5 mL), and 30% H2O2 (0.24 mL, 2.35 mmol) 
were used. After methylation and work-up, the product was puri-
fied by column-chromatography on SiO2 with CHCl3–MeOH–
28% aq. NH3 (46:2:0.2, v/v) to give 121d (13.1 mg, 26%) and 
122 (17.0 mg, 31%) in the order of elution. 122: colorless oil. 
IR (film): 3420, 1644, 1453, 954, 742 cm-1. 1H-NMR (CDCl3) 
δ: 3.31 (6H, s), 3.37–3.40 (2H, m), 3.57–3.60 (2H, m), 4.06 
(3H, s), 7.13 (1H, dt, J=1.1, 7.9 Hz), 7.18 (1H, s), 7.25 (1H, 
dt, J=1.1, 7.9 Hz), 7.42 (1H, ddd, J=7.9, 1.1, 0.9 Hz), 7.59 (1H, 
ddd, J=7.9, 1.1, 0.9 Hz). MS m/z: 234 (M+). Anal. Calcd for 
C13H18N2O2·MeOH: C, 63.13; H, 8.33; N, 10.52. Found: C, 
63.24; H, 8.14; N, 10.74. High resolution MS m/z: Calcd for 
C13H18N2O2: 234.1368. Found: 234.1370.

1-Methoxy-Nb-n-propyltryptamine (121e) and 1-me-
thoxy-Nb-methyl-Nb-n-propyltryptamine (121) from 
Nb-n-propyl-2,3-dihydrotryptamine (119e)— Prepared ac-
cording to the general method for 6, where Na2WO4·2H2O (13.9 
mg, 0.04 mmol) in H2O (0.4 mL), 119e (41.9 mg, 0.21 mmol) 
in MeOH (4.0 mL), and 30% H2O2 (0.21 mL, 2.06 mmol) were 
used. After methylation and work-up, the products were purified 
by column-chromatography on SiO2 with CHCl3–MeOH–28% 
aq. NH3 (46:2:0.2, v/v) to give 123 (4.6 mg, 9%) and 121e 
(23.3 mg, 49%) in the order of elution. 121e: pale yellow oil. IR 
(film): 2960, 2930, 2875, 2820, 1451, 1094, 738 cm-1. 1H-NMR 
(CDCl3) δ: 0.90 (3H, t, J=7.5 Hz), 1.53 (2H, sext, J=7.5 Hz), 
2.63 (2H, t, J=7.5 Hz), 2.97 (4H, m), 4.05 (3H, s), 7.10 (1H, 
dt, J=1.1 and 8.0 Hz), 7.11 (1H,s), 7.24 (1H, dt, J=1.1, 8.0 Hz), 
7.41 (1H, dt, J=8.0, 1.1 Hz), 7.59 (1H, dt, J=8.0, 1.1 Hz). High 
resolution MS m/z: Calcd for C14H20N2O: 232.1575. Found: 
232.1575. 123: colorless oil. IR (film): 2955, 2940, 2870, 2780, 
1450, 1098, 1010, 956, 736 cm–1. 1H-NMR (CDCl3) δ: 0.93 
(3H, t, J=7.3 Hz), 1.58 (2H, br sext, J=7.3 Hz), 2.40 (3H, s), 2.47 
(2H, br t, J=7.3 Hz), 2.75 (2H, br t, J=7.5 Hz), 2.95 (2H, br t, 
J=7.5 Hz), 4.05 (3H, s), 7.11 (1H, dt, J=0.9, 8.1 Hz), 7.11 (1H, 
s), 7.24 (1H, dt, J=0.9, 8.1 Hz), 7.40 (1H, d, J=8.1 Hz), 7.57 (1H, 
d, J=8.1 Hz). High resolution MS m/z: Calcd for C15H22N2O: 
246.1731. Found: 246.1734.
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2,3-Dihydromelatonin (124) from Melatonin (70) — A solu-
tion of 70 (1.01 g, 4.35 mmol) in CF3CO2H (20.0 mL) was 
added to Et3SiH (0.85 mL, 5.32 mmol) and stirred at 58 °C for 
1 h. After usual work-up and purification, by column-chroma-
tography on SiO2 with CHCl3–MeOH (97:3, v/v), 124 (847.7 
mg, 83%) was obtained. 124: mp 83–84 °C (colorless prisms, 
recrystallized from EtOAc–hexane). IR (KBr): 3550, 1645, 
1550, 1495, 1360, 1220, 1110, 1025, 890, 795, 740, 690, 585, 
535 cm-1. 1H-NMR (CDCl3) δ: 1.73–1.79 (1H, m), 1.94–2.03 
(1H, m), 1.95 (3H, s), 3.22–3.43 (4H, m), 3.70 (1H, br t, J=8.8 
Hz), 3.75 (3H, s), 5.71 (1H, br s), 6.60 (1H, d, J=8.5 Hz), 6.62 
(1H, dd, J=8.5, 2.20 Hz), 6.73 (1H, d, J=2.20 Hz). Anal. Calcd 
for C13H18N2O2: C, 66.64; H, 7.74; N, 11.96. Found: C, 66.47; 
H, 7.80; N, 11.91.

1-Hydroxymelatonin (125a) from 2,3-dihydromelatonin 
(124) — Prepared according to the general method B for 6, 
where Na2WO4·2H2O, (107.1 mg, 0.325 mmol) in H2O (3.8 
mL), 124 (379.5 mg, 1.62 mmol) in MeOH (38.0 mL), and 30% 
H2O2 (1.8 mL, 15.9 mmol) were used. After usual work-up and 
purification by column-chromatographed on SiO2 with EtO-
Ac, 125a (234.9 mg, 58%) was obtained. 125a: mp 113–114 °C 
(colorless prisms recrystallized from CHCl3–hexane. IR (KBr): 
3600, 3200, 2900, 2850, 1610, 1560, 1480, 1360, 1280, 1260, 
1215, 1170, 1095, 1035, 995, 950, 900, 823, 795, 760, 600 cm-1. 
1H-NMR (CD3OD) δ: 1.91 (3H, s), 2.86 (2H, t, J=7.3 Hz), 3.42 
(2H, t, J=7.3 Hz), 3.82 (3H, s), 6.80(1H, dd, J=8.8, 2.4 Hz), 7.03 
(1H, d, J=2.4 Hz), 7.07 (1H, s), 7.23 (1H, d, J=8.8 Hz). MS m/z: 
248 (M+). Anal. Calcd for C13H16N2O3·1/8H2O: C, 62.32; H, 
6.54; N, 11.18. Found: C, 62.20; H, 6.40; N, 11.01.

1-Methoxymelatonin (125b) from 1-hydroxymelatonin 
(125a) — Excess CH2N2 in Et2O was added to a solution of 
125a (40.2 mg, 0.16 mmol) in MeOH (5.0 mL) at rt and stirred 
for 15 min. Evaporation of the solvent under reduced pressure 
afforded an oil, which was column-chromatographed on SiO2 
with AcOEt to give 125b (39.1 mg,75.1%). 125b: pale yellow 
oil. UV λmaxMeOH nm: 306, 277. IR (film): 3280, 2930, 1643, 
1553, 1480, 1440, 1220, 1090 cm-1. 1H-NMR (5% CD3OD in 

CDCl3) δ: 1.93 (3H, s), 2.87 (2H, t, J=6.8 Hz), 3.53 (2H, t, J=6.8 
Hz), 3.85 (3H, s), 4.04 (3H, s), 6.91 (1H, dd, J=8.9, 2.3 Hz), 7.00 
(1H, d, J=2.3 Hz), 7.08 (1H, s), 7.30 (1H, dd, J=8.9, 2.3 Hz). 
MS m/z: 262 (M+). High resolution MS m/z: Calcd for C14H-
18N2O3: 262.1317. Found: 262.1331.

(dl)-2-Acetoamino-3-(1-hydroxyindol-3-yl) propanol ((dl)-
127) from (dl)-2-acetoamino-3-(2,3- dihydroindol-3-yl) pro-
panol ((dl)-126) — Prepared according to the general method 
B for 6, where Na2WO4·2H2O (44.6 mg, 0.14 mmol), (dl)-126 
(158.2 mg, 0.68 mmol) in MeOH (16 mL), and 30% H2O2 (0.69 
mL, 6.76 mmol) were used. After usual work-up and purifica-
tion, (dl)-127 (40.8 mg, 30%) was obtained. (dl)-127: color-
less unstable oil. IR (film): 3265, 3110, 1629, 1547, 738 cm-1. 
1H-NMR (CD3OD) δ: 1.88 (3H, s), 2.80 (1H, dd, J=14.5, 7.5 
Hz), 3.00 (1H, dd, J=14.5, 6.5 Hz), 3.53 (2H, d, J=5.1 Hz), 4.14
(1H, m), 6.96 (1H, dd, J=7.6, 7.1 Hz), 7.10 (1H, s), 7.12 (1H, dd, 
J=7.6, 6.8 Hz), 7.32 (1H, d, J=7.1 Hz), 7.57 (1H, d, J=6.8 Hz). 
High resolution MS m/z: Calcd for C13H16N2O3: 248.1159. 
Found: 248.1146.

Synthesis of 1-hydroxyindole Derivatives (7) (Scheme 13)
(dl)-2-Acetoamino-3-(1-methoxyindol-3-yl) propanol ((dl)-
128) from (dl)-127) — Ethereal CH2N2 (excess) was added to 
a solution of (dl)-127 (32.8 mg, 0.13 mmol) in MeOH (3.0 mL) 
and stirring was continued at rt for 10 min. After usual work-up 
and purification by column-chromatography on SiO2 with CH-
2Cl2–MeOH (95:5, v/v), (dl)-128 (26.7 mg, 77%) was obtained. 
(dl)-128: mp 117–118°C (colorless prisms, recrystallized from 
EtOAc). IR (KBr): 3275, 3180, 3090, 1630, 1584, 1440, 1081, 
1052, 757, 737 cm-1. UV λmaxMeOH nm (log s): 223 (4.43), 
278 (3.63), 291 (3.65). 1H-NMR (CDCl3) δ: 1.96 (3H, s), 2.54 
(1H, br s, D2O exchange), 2.97 (2H, d, J=6.3 Hz), 3.63 (2H, dd, 
J=5.6, 3.9 Hz), 4.04 (3H, s), 4.08–4.38 (1H, m), 5.88 (1H, d, J=7 
Hz), 7.08 (1H, dd, J=7.1, 6.8 Hz), 7.12 (1H, s), 7.23 (1H, dd, 
J=7.3, 6.8 Hz), 7.40 (1H, d, J=7.1 Hz), 7.60 (1H, d, J=7.3 Hz). 
MS m/z: 262 (M+). Anal. Calcd for C14H18N2O2: C, 64.11; H, 
6.92; N, 10.68. Found: C, 63.89; H, 7.24; N, 10.54.

Scheme: 13 1-Hydroxyindole Derivatives (7)

(S)-(+)-Nb-Acetyl-1-hydroxytryptophan methyl ester ((S)-
(+)-131) from (S)-(+)-Nb-acetyl-2,3-di- Hydrotryptophan 

Methyl Ester ((S)-(+)-130) — Prepared according to the gen-
eral method B for 6, where Na2WO4·2H2O (40.2 mg, 0.12 
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mmol), (S)-(+)-130 (159.5 mg, 0.61 mmol) in MeOH (15.0 
mL), and 30% H2O2 (0.62 mL, 6.09 mmol) were used. After 
usual work-up, the product was purified by p-TLC on SiO2 
with CH2Cl2–MeOH (98:2, v/v) to give (S)-(+)-131 (89.7 mg, 
53%). (S)-(+)-131: mp 116.0–117.0 °C (colorless prisms, recrys-
tallized from MeOH–H2O). [α]D24 +11.8° (c=0.102, MeOH). 
IR (KBr): 3370, 3240, 1733, 1655, 1534, 745 cm-1. UV λmax-
MeOH nm (log s): 224 (4.53), 282 (3.64), 293 (3.66). 1H-NMR 
(5% CD3OD in CDCl3) δ: 1.90 (3H, s), 3.19 (1H, dd, J=15.0, 
5.8 Hz), 3.27 (1H, dd, J=15.0, 5.2 Hz), 3.71 (3H, s), 4.86 (1H, 
dd, J=5.8, 5.2 Hz), 7.01 (1H, s), 7.06 (1H, t, J=8.3 Hz), 7.19 
(1H, t, J=8.3 Hz), 7.42 (1H, d, J=8.3 Hz), 7.45 (1H, d, J=8.3 Hz). 
MS m/z: 276 (M+). Anal. Calcd forC14H16N2O4: C, 60.86; H, 
5.84; N, 10.14. Found: C, 60.85; H, 5.88; N, 10.14.

(dl)-Nb-Acetyl-1-hydroxytryptophan Methyl Ester ((dl)-
131) from (dl)-130 — Prepared under the same reaction con-
ditions as described in the procedure for (S)-(+)-131. Yield was 
73%. (dl)-131: mp 153.0–154.0 °C (decomp., colorless prisms, 
recrystallized from MeOH). IR (KBr): 3259, 3125, 1739, 1640, 
1547, 727 cm-1. UV λmaxMeOH nm (log s): 224 (4.55), 282 
(3.65), 294 (3.68). 1H-NMR (CD3OD) δ: 1.92 (3H, s), 3.06 (1H, 
dd, J=13.9, 7.6 Hz), 3.28 (1H, dd, J=13.9, 5.9 Hz), 3.65 (3H, s), 
4.66 (1H, dd, J=7.6, 5.9 Hz), 6.97 (1H, ddd, J=7.1, 6.8, 1.5 Hz), 
7.09 (1H, s), 7.12 (1H, ddd, J=7.6, 6.8, 1.5 Hz), 7.32 (1H, dm, 
J=7.1 Hz), 7.47 (1H, dm, J=7.6 Hz). MS m/z: 276 (M+). Anal. 
Calcd for C14H16N2O4: C, 60.86; H, 5.84; N, 10.14. Found: C, 
60.78; H, 5.92; N, 10.09.

(S)-(+)-Nb-Acetyl-1-methoxytryptophan methyl ester ((S)-
(+)-132) from (S)-(+)-131 — Ethereal CH2N2 (excess) was 
added to a solution of (S)-(+)-131 (46.8 mg, 0.17 mmol) in 
MeOH (2.0 mL) and stirring was continued at rt for 15 min. 
After work-up and purification by column-chromatography on 
SiO2 with CH2Cl2–MeOH (98:2, v/v), (S)-(+)-132 (38.3 mg, 
78%) was obtained. (S)-(+)-132: colorless oil. [α]D20 +16.8° 
(c=0.107, MeOH). IR (film): 3270, 1741, 1658, 1540, 736 cm-1. 
UV λmaxMeOH nm (log s): 223 (4.47), 276 (3.66), 289 (3.68). 
1H-NMR (CDCl3) δ: 1.97 (3H, s), 3.25 (1H, dd, J=14.6, 4.9 
Hz), 3.31 (1H, dd, J=14.6, 5.4 Hz), 3.70 (3H, s), 4.05 (3H, s), 
4.93 (1H, ddd, J=7.8, 5.4, 4.9 Hz), 6.03 (1H, d, J=7.8 Hz), 7.04 
(1H, s), 7.11 (1H, dd, J=8.3, 7.8 Hz), 7.24 (1H, t, J=8.3 Hz), 7.40 
(1H, d, J=8.3 Hz), 7.49 (1H, d, J=7.8 Hz). High resolution MS 
m/z: Calcd for C15H18N2O4: 290.1266. Found: 290.1296.

(dl)-Nb-Acetyl-1-methoxytryptophan methyl ester ((dl)-132) 
from (dl)-131 — Ethereal CH2N2 (excess) was added to a solu-
tion of (dl)-131 (40.1 mg, 0.15 mmol) in MeOH (2.0 mL) and 
stirring was continued at rt for 30 min. After usual work-up, (dl)-
132 (35.1 mg, 83%) was obtained. (dl)-132: mp 95–96°C (col-
orless plates, recrystallized from MeOH-H2O). IR (KBr): 3235, 
1737, 1657, 1545, 1443, 1376, 1313, 1241, 1210, 1173, 747, 741 
cm-1. UV λmaxMeOH nm (log s): 224 (4.50), 277 (3.70), 290 
(3.17). 1H-NMR (CDCl3) δ: 1.97 (3H, s), 3.26 (1H, dd, J=15.1, 
4.9 Hz), 3.31 (1H, dd, J=15.1, 5.4 Hz), 3.71 (3H, s), 4.05 (3H, s), 
4.93 (1H, ddd, J=7.8, 5.4, 4.9 Hz), 5.88 (1H, d, J=7.8 Hz, D2O 
exchange), 7.04 (1H, s), 7.11 (1H, br d, J=8.3 Hz), 7.24 (1H, br 
d, J=8.3 Hz), 7.41 (1H, d, J=8.3 Hz), 7.49 (1H, d, J=8.3 Hz). 
MS m/z: 290 (M+). Anal. Calcd for C15H18N2O4: C, 62.06; H, 
6.25; N, 9.65. Found: C, 62.04; H, 6.37; N, 9.52.

1-Hydroxyyohimbine Derivatives, a Group of Potential New 
Medicine Candidates (Scheme 14) 
2β,7β- (133) and 2α,7α-Dihydroyohimbine (134) from Yo-
himbine (52·Free) — General Procedure: NaBH3CN (610.7 
mg, 9.72 mmol) was added to a solution of 52·Free (1056.4 mg, 
2.98 mmol) in CF3COOH (20.0 mL) at 0°C. The mixture was 
stirred at rt for 3 h. After evaporation of the solvent, the whole 
was made alkaline with initially aq. 8% and then 0.8% NaOH 
under ice cooling, and extracted with CHCl3. The extract was 
washed with brine, dried over Na2SO4, and evaporated under 
reduced pressure to leave an oil, which was column-chromato-
graphed on SiO2 with AcOEt–CHCl3–MeOH–28% aq. NH3 
(51.5:46:5:0.5, v/v) to give 134 (843.3 mg, 79%) and 133 (189.1 
mg, 18%) in the order of elution. 133: mp 191—193.5°C (pale 
yellow needles, recrystallized from AcOEt–hexane). IR (KBr): 
3502, 1722, 1608, 754 cm-1. 1H-NMR (CDCl3) δ: 1.05 (1H, q, 
J=11.5 Hz), 1.30—1.53 (5H, m), 1.60—1.78 (4H, m), 1.90—
1.96 (1H, m), 2.06 (1H, dt, J=3.9, 11.5 Hz), 2.15—2.27 (2H, 
m), 2.25 (1H, dd, J=11.5, 2.0 Hz),  2.60 (1H, dt, J=11.5, 3.4 Hz), 
2.71 (1H, dd, J=11.5, 2.7 Hz), 3.00 (1H, br s, disappeared on 
addition of D2O), 3.31 (1H, t, J=8.1 Hz), 3.42 (1H, br s), 3.78 
(3H, s), 4.16 (1H, br s), 6.65 (1H, d, J=7.8 Hz), 6.77 (1H, dd, 
J=7.6, 7.3 Hz), 7.02—7.06 (2H, m). High-resolution MS m/z: 
calcd for C21H28N2O3: 356.2100, found 356.2096. [α]29D 
–69.9° (c=0.33, MeOH). 134: mp 190—193°C (colorless fine 
needles, recrystallized from AcOEt–hexane). IR (KBr): 3471, 
2906, 1707, 1020 cm-1. 1H-NMR (CDCl3) δ: 1.36—1.61 (7H, 
m), 1.68 (1H, br s, disappeared on addition of D2O), 1.71—1.77 
(1H, m), 1.83—2.06 (4H, m), 2.18 (1H, dt, J=11.5, 2.7 Hz), 2.30 
(1H, dd, J=11.5, 2.2 Hz), 2.77 (1H, ddd, J=11.5, 3.4, 3.2 Hz), 
2.83 (1H, dd, J=11.5, 2.2 Hz), 2.93 (1H, dt, J=6.6, 2.7 Hz), 3.10 
(1H, s, disappeared on addition of D2O), 3.57 (1H, dd, J=6.6, 
2.7 Hz), 3.76 (3H, s), 4.19 (1H, br s), 6.68 (1H, dd, J=7.8, 1.0 
Hz), 6.72 (1H, ddd, J=7.6, 7.3, 1.0 Hz), 7.01 (1H, ddd, J=7.8, 
7.6, 1.0 Hz), 7.08 (1H, dd, J=7.3, 1.0 Hz). High-resolution MS
m/z: calcd for C21H28N2O3: 356.2100, found: 356.2111. Anal. 
Calcd for C21H28N2O3·1/8H2O: C, 70.31; H, 7.94; N, 7.81. 
Found: C, 70.30; H, 7.93; N, 7.78. [α]25D +90.64° (c=0.20, 
CHCl3).

2α,7α-Dihydroyohimbine (134) from Yohimbine hydrochlo-
ride (52·HCl) — According to the general procedure, NaBH3CN 
(36.4 mg, 0.55 mmol), 52·HCl (107.6mg, 0.28 mmol), and CF-
3COOH (2.0 mL) were used. After column-chromatography on 
SiO2 with CHCl3–MeOH–28% aq. NH3 (46:3:0.3, v/v), 134 
(98.0 mg, 100%) was obtained.

1-Hydroxyyohimbine (53b) from Yohimbine hydrochloride 
(52·HCl) — According to the general procedure, NaBH3CN 
(85.5 mg, 1.3 mmol), 52·HCl (101.0mg, 0.26 mmol), and CF-
3COOH (2.0 mL) were used. The resultant oil, obtained after 
general procedure, was dissolved in MeOH (9.0 mL). A solu-
tion of Na2WO4·2H2O (17.0 mg, 0.05 mmol) in H2O (1.0 mL) 
and 30% H2O2 (0.59 mL, 5.2 mmol) were added to the solu-
tion. The mixture was stirred at 0°C for 1 h. After addition of 
H2O, the whole was extracted with CHCl3–MeOH (95:5, v/v). 
The extract was washed with brine, dried over Na2SO4, and 
evaporated under reduced pressure to leave a solid, which was 
column-chromatographed on SiO2 with CHCl3–MeOH–28% 
aq. NH3 (46:5:0.5, v/v) to give 53b (82.1 mg, 86%). 53b: mp 
224—226°C (decomp., colorless fine needles, recrystallized 
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from MeOH). IR (KBr): 3505, 2945, 1711, 751 cm-1. 1H-NMR 
(CD3OD) δ: 1.19 (1H, q, J=11.5 Hz), 1.33—1.39 (1H, m), 
1.43—1.57 (2H, m), 1.65 (1H, br t, J=13.4 Hz), 1.91 (1H, dq, 
J=13.4, 2.7 Hz), 1.99 (1H, dq, J=2.7, 11.5 Hz), 2.31 (1H, br d, 
J=11.5 Hz), 2.40 (1H, t, J=11.5 Hz), 2.63—2.76 (2H, m), 2.88—
2.98 (3H, m), 3.10—3.15 (1H, m), 3.62 (1H, d, J=11.5 Hz), 3.73 

(3H, s), 4.22 (1H, q, J=2.7 Hz), 6.98 (1H, t, J=7.6 Hz), 7.09 (1H, 
t, J=7.6 Hz), 7.29 (1H, d, J=7.6 Hz), 7.37 (1H, d, J=7.6 Hz). MS 
m/z: 370 (M+), 354 (M+–O), 353 (M+–OH). Anal. Calcd for 
C21H26N2O4: C, 68.09; H, 7.07; N, 7.56. Found: C, 67.97; H, 
7.13; N, 7.60. [α]30D +7.75° (c=0.20, DMF).

Scheme: 14 Synthesis of New Yohimbine Derivatives (1)

1-Hydroxyyohimbine (53b) from 2β,7β-Dihydroyohimbine 
(133) — A solution of Na2WO4·2H2O (6.8 mg, 0.03 mmol) 
in H2O (0.3 mL) and 30% H2O2 (0.10 mL, 0.80 mmol) were 
added to a solution of 133 (28.2 mg, 0.80 mmol) in MeOH (3.0 
mL). The mixture was stirred at rt for 2 h. After addition of H2O, 
the whole was extracted with CHCl3–MeOH (95:5, v/v). The 
extract was washed with brine, dried over Na2SO4, and evap-
orated under reduced pressure to leave a solid, which was col-
umn-chromatographed on SiO2 with CHCl3–MeOH–28% aq. 
NH3 (46:5:0.5, v/v) to give 53b (12.7mg, 43%).

1-Methoxyyohimbine (135a) from 53b — An excess amount 
of ethereal CH2N2 was added to a solution of 53b (52.6 mg, 
0.14 mmol) in MeOH (20.0 mL) and the whole was stirred at 
0°C for 1 h. The solution was evaporated under reduced pressure 
to leave an oil, which was column-chromatographed on SiO2 
with CHCl3–MeOH–28% aq. NH3 (46:3:0.3, v/v) to give 135a 
(42.2 mg, 77%). 135a: mp 201—203°Cb (decomp., colorless 
prisms, recrystallized from acetone. mp 198—201°C). IR (KBr): 
3145, 1737, 743 cm-1. 1H-NMR (CDCl3) δ: 1.36—1.45 (2H, 
m), 1.49—1.62 (3H, m), 1.97—2.09 (2H, m), 2.32—2.39 (2H, 
m), 2.46 (1H, ddd, J=12.7, 3.2, 2.9 Hz), 2.63 (1H, dt, J=4.2, 11.2 
Hz), 2.66—2.71 (1H, m), 2.89—2.98 (2H, m), 3.03—3.08 (1H, 
m), 3.36 (1H, br s, disappeared on addition of D2O), 3.49 (1H, 
br d, J=11.2 Hz), 3.77 (3H, s), 3.89 (3H, s), 4.21 (1H, br s), 7.09 
(1H, ddd, J=7.8, 7.1, 1.0 Hz), 7.19 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 
7.34 (1H, dd, J=8.1, 1.0 Hz), 7.44 (1H, dd, J=7.8, 1.0 Hz). MS 
m/z: 384 (M+), 353 (M+–OMe). Anal. Calcd for C22H28N2O4: 
C, 68.72; H, 7.34; N, 7.29. Found: C, 68.65; H, 7.35; N, 7.23. 
[α]29D +20.54° (c=0.20, CHCl3).

1-n-Butyloxyyohimbine (135b) from 53b — According to 
the general procedure for 135c, K2CO3 (56.7 mg, 0.41 mmol), 
n-butyl iodide (30.8 mg, 0.17 mmol), and 53b (50.5 mg, 0.14 
mmol) were used. After column-chromatography, 135b (57.8 

mg, 99%) was obtained. 135b: mp 126—128.5°C (decomp., col-
orless fine needles, recrystallized from hexane). IR (KBr): 3458, 
2920, 1739, 1151, 737 cm-1. 1H-NMR (CDCl3) δ: 1.34—1.43 
(2H, m), 1.48—1.64 (3H, m), 1.97—2.06 (2H, m), 2.34 (1H, dd, 
J=11.5, 2.2 Hz), 2.35 (1H, t, J=11.5 Hz), 2.55 (1H, dt, J=12.9, 
2.9 Hz), 2.62 (1H, dt, J=4.2, 10.7 Hz), 2.66—2.72 (1H, m), 
2.90—2.98 (1H, m), 2.96 (1H, dd, J=11.5, 2.9 Hz), 3.05 (1H, 
ddd, J=11.5, 5.6, 2.2 Hz), 3.30 (1H, s, disappeared on addition 
of D2O), 3.51 (1H, dd, J=11.5, 2.2 Hz), 3.75 (3H, s), 4.20 (1H, 
d, J=1.2 Hz), 4.49 (1H, dddd, J=11.0, 6.6, 1.2, 1.0 Hz), 4.55 (1H, 
dddd, J=11.0, 6.1, 1.2, 1.0 Hz), 5.39 (1H, ddd, J=10.7, 1.2, 1.0 
Hz), 5.44 (1H, dq, J=17.1, 1.2 Hz), 6.05 (1H, dddd, J=17.1, 10.7, 
6.6, 6.1 Hz), 7.08 (1H, ddd, J=8.1, 7.8, 1.0 Hz), 7.18 (1H, dt, 
J=1.0, 8.1 Hz), 7.34 (1H, ddd, J=8.1, 1.0, 0.7 Hz), 7.43 (1H, br d, 
J=7.8 Hz). MS m/z: 410 (M+), 353 (M+–OCH2CH=CH2). Anal. 
Calcd for C24H30N2O4: C, 70.22; H, 7.37; N, 6.82. Found: C, 
70.13; H, 7.50; N, 6.57. [α]30D +18.4° (c=0.21, CHCl3).

1-Allyloxyyohimbine (135c) from 53b — General procedure: 
K2CO3 (59.2 mg, 0.43 mmol) and a solution of allyl bromide 
(24.7 mL, 0.3 mmol) in DMF (1.0 mL) were successively added 
to a solution of 53b (52.8 mg, 0.14 mmol) in DMF (4.0 mL) and 
the whole was stirred at rt for 30 min. After addition of H2O, the 
whole was extracted with CHCl3–MeOH (95:5, v/v). The extract 
was washed with brine, dried over Na2SO4, and evaporated un-
der reduced pressure to leave an oil, which was column-chroma-
tographed on SiO2 with CHCl3–MeOH (95:5, v/v) to give 135c 
(54.6 mg, 93%). 135c: mp 150—152°C (decomp., colorless fine 
needles, recrystallized from hexane). IR (KBr): 3464, 2935, 
1738, 1151, 737 cm-1. 1H-NMR (CDCl3) δ: 1.01 (3H, t, J=7.3 
Hz), 1.34—1.43 (2H, m), 1.48—1.63 (5H, m), 1.65—1.79 (2H, 
m), 1.97—2.07 (2H, m), 2.34 (1H, dd, J=11.2, 2.0 Hz), 2.36 (1H, 
t, J=11.2 Hz), 2.53 (1H, dt, J=12.9, 2.9 Hz), 2.63 (1H, dt, J=4.2, 
11.2 Hz), 2.66—2.72 (1H, m), 2.90—2.98 (1H, m), 2.96 (1H, dd, 
J=11.2, 2.9 Hz), 3.05 (1H, ddd, J=11.2, 5.6, 2.0 Hz), 3.29 (1H, s, 
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disappeared on addition of D2O), 3.48 (1H, d, J=11.2 Hz), 3.76 
(3H, s), 3.98 (1H, dt, J=6.6, 8.5 Hz), 4.06 (1H, dt, J=6.6, 8.5 Hz), 
4.20 (1H, br s), 7.07 (1H, ddd, J=8.1, 7.8, 1.0 Hz), 7.17 (1H, dt, 
J=1.0, 8.1 Hz), 7.31 (1H, dd, J=8.1, 1.0 Hz), 7.43 (1H, dd, J=7.8, 
1.0 Hz). MS m/z: 426 (M+), 353 (M+–On-Bu). Anal. Calcd for 
C25H34N2O4: C, 70.39; H, 8.03; N, 6.57. Found: C, 70.26; H, 
8.12; N, 6.48. [α]32D +21.46° (c=0.21, CHCl3).

1-p-Nitrobenzyloxyyohimbine (135d) from 1-Hydroxyyo-
himbine (53b) — According to the general procedure for 135c, 
K2CO3 (56.8 mg, 0.41 mmol), p-nitrobenzyl bromide (35.4 mg, 
0.16 mmol), and 53b (50.3 mg, 0.14 mmol) were used. After 
column-chromatography, 135d (61.7 mg, 90%) was obtained. 
135d: mp 148—149°C (decomp., yellow pine needles, recrys-
tallized from AcOEt–hexane). IR (KBr): 3430, 2924, 1734 
and 1703 (collapsed to 1710 in CHCl3), 1523, 1348, 739 cm-
1. 1H-NMR (CDCl3) δ: 1.33—1.43 (2H, m), 1.50—1.61 (3H, 
m), 1.94—2.03 (2H, m), 2.28 (1H, br t, J=11.0 Hz), 2.33 (1H, 
dd, J=11.7, 2.2 Hz), 2.54 (1H, dt, J=12.7, 2.9 Hz), 2.57 (1H, 
dt, J=4.2, 11.0 Hz), 2.66—2.72 (1H, m), 2.89—2.98 (2H, m), 
3.01—3.07 (1H, m), 3.04 (1H, s, disappeared on addition of 
D2O), 3.23 (1H, br d, J=11.0 Hz), 3.59 (3H, s), 4.21 (1H, br s), 
5.02 (1H, d, J=10.6 Hz), 5.07 (1H, d, J=10.6 Hz), 7.12 (1H, ddd, 
J=8.1, 7.8, 1.0 Hz), 7.21 (1H, dt, J=1.0, 8.1 Hz), 7.32 (1H, dd, 
J=8.1, 1.0 Hz), 7.46 (1H, dd, J=7.8, 1.0 Hz), 7.59—7.62 (2H, A2 
part of A2B2), 8.29—8.33 (2H, B2 part of A2B2). Anal. Calcd 
for C28H31N3O6: C, 66.52; H, 6.18; N, 8.31. Found: C, 66.40; 
H, 6.22; N, 8.18. [α]31D +48.77° (c=0.20, CHCl3).

1-Propargyloxyyohimbine (135e) from 53b — According to 
the general procedure for 135c, K2CO3 (223.6 mg, 1.62 mmol), 
propargyl bromide (70.8 mg, 0.60 mmol), and 53b (200.1 mg, 
0.54 mmol) were used. After column-chromatography with 
AcOEt–hexane (1:1, v/v), 135e (57.8 mg, 99%) was obtained. 
135e: mp 158—161°C (decomp., colorless fine needles, recrys-
tallized from AcOEt–hexane). IR (KBr): 3565, 1720, 1265, 742 
cm-1. 1H-NMR (CDCl3) δ: 1.35—1.43 (2H, m), 1.51—1.63 
(3H, m), 1.97—2.07 (2H, m), 2.34 (1H, dd, J=11.5, 2.2 Hz), 
2.36 (1H, d, J=11.2 Hz), 2.55 (1H, dt, J=12.7, 3.4 Hz), 2.60-2.71 
(3H, m), 2.89—2.96 (1H, m), 2.96 (1H, dd, J=11.2, 3.4 Hz), 3.05 
(1H, ddd, J=11.2, 6.1, 1.7 Hz), 3.46 (1H, br s, disappeared on 
addition of D2O), 3.58 (1H, dd, J=11.2, 1.7 Hz), 3.79 (3H, s), 
4.21 (1H, d, J=1.2 Hz), 4.63 (1H, dd, J=15.1, 2.4 Hz), 4.71 (1H, 
dd, J=15.1, 2.4 Hz), 7.09 (1H, dt, J=1.0, 7.8 Hz), 7.19 (1H, dt, 
J=1.0, 7.8 Hz), 7.38 (1H, d, J=7.8 Hz), 7.43 (1H, d, J=7.8 Hz). 
MS m/z: 408 (M+). Anal. Calcd for C24H28N2O4·1/2H2O: 
C, 69.04; H, 7.00; N, 6.71. Found: C, 68.99; H, 6.82; N, 6.56. 
[α]24D +96.19° (c=0.21, MeOH).

1-Isopropyloxyyohimbine (135f) from 53b — a) Cs2CO3 
Method: According to the general procedure for 135c, 53b (29.4 
mg, 0.08 mmol), Cs2CO3 (28.6 mg, 0.09 mmol), and isopropyl 
bromide (29.3 mg, 0.24 mmol) were used. After column-chro-
matography with CHCl3–MeOH–28% aq. NH3 (46:1:0.1, v/v), 
135f (32.3 mg, 99%) was obtained. 135f: pale brown viscous oil. 
IR (film): 3456, 2922, 1734 (br), 750 cm-1. 1H-NMR (CDCl3) 
δ: 1.29 (3H, d, J=6.1 Hz), 1.31 (3H, d, J=6.1 Hz), 1.41—1.64 
(4H, m), 1.95—2.07 (2H, m), 2.38 (1H, dd, J=11.6, 2.0 Hz), 
2.64—2.77 (3H, m), 2.97—3.07 (2H, br s), 3.07—3.17 (2H, br 
s), 3.55—3.65 (1H, br), 3.76 (3H, s), 4.23 (1H, br s), 4.50 (1H, 
sep, J=6.1 Hz), 4.72(2H, br s, disappeared on addition of D2O), 

7.02 (1H, t, J=7.3 Hz), 7.19 (1H, t, J= 7.3 Hz), 7.30 (1H, d, 
J=7.9 Hz), 7.43 (1H, d, J=7.3 Hz). MS m/z: 412 (M+), 353 (M+–
OCHMe2). High-resolution MS m/z: calcd for C24H32N2O4: 
412.2362, found: 412.2366. [α]25D +16.45° (c=0.15, CHCl3).

c) K2CO3 Method: According to the general procedure for 135c, 
K2CO3 (18.9 mg, 0.14 mmol), isopropyl bromide (19.8 mg, 
0.16 mmol), and 53b (16.8 mg, 0.05 mmol) were used. After 
work-up, 135f (13.3 mg, 71%) was obtained.

(dl)-1-(1-Methoxycarbonyl) ethoxyyohimbine (135g) from 
53b — According to the general procedure for 135c, 53b (30.3 
mg, 0.08 mmol), Cs2CO3 (29.4 mg, 0.09 mmol), and (dl)-meth-
yl-2-bromopropionate (41.0 mg, 0.25 mmol) were used. After 
column-chromatography with AcOEt, 135g (37.0 mg, 99%) was 
obtained. 135g: pale brown viscous oil. IR (film): 3509, 2923, 
1739, 1710, 752 cm-1. 1H-NMR (CDCl3) δ: 1.30—1.45 (2H, 
m), 1.52—1.61 (3H, m), 1.55 (3H, d, J=6.8 Hz), 1.95—2.07 
(2H, m), 2.34 (1H, dd, J=11.6, 2.0 Hz), 2.37—2.44 (1H, m), 
2.52 (1H, dt, J=13.2, 2.7 Hz), 2.61—2.71 (2H, m), 2.86—2.95 
(1H,m), 2.98 (1H, dd, J=11.6, 2.7 Hz), 3.01—3.08 (1H, m), 3.16 
(1H, br s, disappeared on addition of D2O), 3.53 (1H, d, J=10.0 
Hz), 3.66 (3H, s), 3.77 (3H, s), 4.20 (1H, br s), 4.66 (1H, q, J=6.8 
Hz), 7.06 (1H, t, J=7.8 Hz), 7.16 (1H, t, J=7.8 Hz), 7.39 (1H, 
d, J=7.8 Hz), 7.44 (1H, d, J=7.8 Hz). High-resolution MS m/z: 
calcd for C25H32N2O6: 456.2260, found: 456.2263. [α]26D 
–22.11° (c=0.015, CHCl3).

1-Cyclohexyloxyyohimbine (135h) from 53b — According to 
the general procedure for 135c, 53b, (30.0 mg, 0.08 mmol), and 
Cs2CO3 (29.1 mg, 0.09 mmol) were used. The reaction time with 
cyclohexyl bromide (40.7 mg, 0.25 mmol) was prolonged to 130 
min. After column-chromatography with CHCl3–MeOH–28% 
aq. NH3 (46:0.5:0.05, v/v), 135h (4.0 mg, 11%) and unreacted 
53b (20 mg, 67%) were obtained. 135h: pale brown viscous oil. 
IR (film): 3446, 2927, 1738 (br), 739 cm-1. 1H-NMR (CD3OD) 
δ: 1.25—1.41 (8H, m), 1.46—1.71 (5H, m), 1.77—2.08 (6H, 
m), 2.35 (1H, dd, J=11.7, 2.7 Hz), 1-45 (1H, br t, J=11.0 Hz), 
2.68—2.79 (2H, m), 2.90—3.02 (3H, m), 3.09—3.18 (1H, m), 
3.73 (3H, s), 4.12—4.19 (1H, m), 4.20—4.25 (1H, m), 7.01 
(1H, t, J=7.8 Hz), 7.13 (1H, t, J=8.3 Hz), 7.30 (1H, d, J=8.3 
Hz), 7.39 (1H, d, J=7.8 Hz). High-resolution MS (EI) m/z: calcd 
for C27H34N2O4: 452.2675, found: 452.2677. [α]25D +8.46° 
(c=0.14, CHCl3).

N-Methoxycarbonyl-1-isopropyloxytryptamine (136a) from    
1-Hydroxy-N-methoxy- carbonyltryptamine (64) — General 
procedure: 1-Hydroxy-N-methoxycarbonyltryptamine (64, 50.9 
mg, 0.22 mmol) was added to a solution of Cs2CO3 (83.9 mg, 
0.23 mmol) in MeOH (2.0 mL) and the whole was stirred at rt 
for 20 min. To the resultant residue obtained after evaporation 
of the solvent under reduced pressure, a solution of isopropyl 
bromide (160.0 mg, 1.32 mmol) in DMF (3.0 mL) was added 
and the whole was stirred at rt for 1 h. After addition of H2O, 
the whole was extracted with AcOEt. The extract was washed 
with brine, dried over Na2SO4, and evaporated under reduced 
pressure to leave an oil, which was column-chromatographed on 
SiO2 with CHCl3 to give 136a (49.7 mg, 83%). 136a: colorless 
oil. IR (film): 1710 (br), 740 cm-1. 1H-NMR (CDCl3) δ: 1.36 
(3H, d, J=6.2 Hz), 1.37 (3H, d, J=6.2 Hz), 2.93 (2H, t, J=6.6 Hz), 
3.49 (2H, br q, J=6.6 Hz, collapsed to ton addition of D2O), 3.66 
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(3H, s), 4.52 (1H, sep, J=6.2 Hz), 4.74 (1H, br s, disappeared on 
addition of D2O), 7.06 (1H, s), 7.09 (1H, dt, J=0.8, 7.7 Hz), 7.22 
(1H, dt, J=0.8, 7.7 Hz), 7.38 (1H, dd, J=7.7, 0.8 Hz), 7.55 (1H, 
dd, J=7.7, 0.8 Hz). High-resolution MS m/z: calcd for C15H-
20N2O3: 276.1482, found: 276.1474.

(dl)-N-Methoxycarbonyl-1-(1-methoxycarbonyl) ethoxy 
tryptamine (136b) from 64 — According to the general pro-
cedure for 136a, 64 (49.1 mg, 0.21 mmol), Cs2CO3 (76.0 mg, 
0.23 mmol), and (dl)-methyl 2-bromopropionate (212.8 mg, 1.3 
mmol) were used. After column-chromatography with AcOEt–
hexane (1:2, v/v), 136b (64.9 mg, 97%) was obtained. 136b: col-
orless oil. IR (film): 3405, 1749, 1716 (br), 742 cm-1. 1H-NMR 
(CDCl3) δ: 1.66 (3H, d, J=7.0 Hz), 2.89 (2H, t, J=6.6 Hz), 3.47 
(2H, br q, J=6.6 Hz, collapsed to ton addition of D2O), 3.66 (3H, 
s), 3.77 (3H, s), 4.73 (1H, br s, disappeared on addition of D2O), 
4.85 (1H, q, J=7.0 Hz), 7.12 (1H, dt, J=0.7, 7.6 Hz), 7.21 (1H, 
s), 7.24 (1H, dt, J=0.7, 7.6 Hz), 7.40 (1H, d, J=7.6 Hz), 7.54 (1H, 
d, J=7.6 Hz). High-resolution MS m/z: calcd for C16H20N2O5: 
320.1372, found: 320.1371.

Yohimbine α2-blocker Test Method
Animals: Male Wistar rats were used in the present study. Ani-
mals were housed under controlled conditions (21–22ºC, relative 
humidity 50±5%). Food and water were freely available to all 
animals. This study was performed according to the Guideline 
for the Care and Use of Laboratory Animals of Toho University 
School of Pharmaceutical Sciences (which is accredited by the 
Ministry of Education, Culture, Sports, Science and Technology 
(MEXT), Japan), and the protocol of this study was approved by 
the Institutional Animal Care and Use Committee.

Preparation of Rat Thoracic Aortic Rings: Rats were killed by 
cervical dislocation and exsanguinated from the common carotid 
arteries. A section of the thoracic aorta between aortic arch and 
diaphragm was carefully removed and immersed in oxygenated 
Krebs-HEPES solution of the following composition (in mM): 
NaCl, 126.9; KCl, 5.9; CaCl2, 2.36; MgCl2, 1.18; HEPES, 10.03 
and glucose, 11.8 (pH=7.4). The aorta was cleaned of loosely 
adhering fat and connective tissues and cut into ring segments 

about 2 mm in length. In this series of experiments, the endothe-
lium was not removed.

Measurement of Tension Changes: The aortic tissue was then 
mounted using stainless steel hooks (outer diameter, 200 µm) un-
der the resting tension of 2.0 g in a 5 mL organ bath (UC-5, UFER 
Medical Instrument, Kyoto, Japan) containing normal Tyrode’s 
solution (mM): NaCl, 158.3; KCl, 4.0; NaHCO3, 10.0; NaH-
2PO4:, 0.42; CaCl2, 2.0; MgCl2, 1.05 mM, glucose, 5.6), which 
was continuously gassed with 95% O2–5% CO2 being kept at 
37±1ºC (pH=7.4). Tension changes of the muscle preparation 
were isometrically recorded with a force-displacement transduc-
er (T7-8-240; Orientec, Tokyo, Japan; TB-612T, Nihon Kohden, 
Tokyo, Japan) connected to a carrier amplifier (AP-600G/AP-
621G, Nihon Kohden, Tokyo, Japan; Signal Conditioner: Model 
MSC-2, Labo Support, Suita-City, Japan). Vascular preparations 
were equilibrated for 90 min in normal Tyrode’s solution, which 
was exchanged every 20–30 min. Before starting assessment of 
yohimbine derivatives, aortic preparations were contracted with 
isotonic high-KCl (80 mM) Tyrode’s solution (mM: NaCl, 82.3; 
KCl, 80.0; CaCl2, 2.0; MgCl2, 1.05; NaH2PO4, 0.42; NaHCO3, 
10.0 and glucose, 5.6), in order to confirm the muscle normal 
contractility. After washing out, experiments were started after a 
subsequent 30 min equilibration period.

Assessment of Relaxant Potencies of Yohimbine Derivatives: 
Aortic ring preparations were contracted with an α2-adrenocep-
tor (α2-AR) agonist clonidine (10-7–10-6 M) in the presence of a 
NO synthase inhibitor nitro-L-arginine methyl ester (L-NAME, 
10-4 M). When the sustained contraction induced by clonidine 
reached a steady-state level, yohimbine derivatives (10-5 M) 
were applied to the bath solution. When the relaxant effects of 
yohimbine derivatives reached their maximum level, yohimbine 
at 10-5 M was applied. The steady-state tension level before 
application of each yohimbine derivative and the tension level 
corresponding to yohimbine-induced maximum relaxation were 
defined as 0% and 100% relaxation, respectively. Relaxant po-
tency of tested yohimbine derivatives was expressed as percent-
age relaxation to the maximum response to 10-5 M yohimbine.

Table: 30 Effect of Yohimbine Derivative on the Contraction Induced by Clonidine in Rat Thoracic Aorta.
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Drugs: The following drugs were used in the present study: 
clonidine hydrochloride (Sigma-Aldrich, St. Louis, MO, USA); 
yohimbine hydrochloride (Wako Pure Chemical Industries, Ltd., 
Osaka, Japan); NG-nitro-L-arginine methyl ester hydrochloride 
(L-NAME) (Dojindo Laboratories, Kumamoto, Japan). Yo-
himbine derivatives tested in this study were dissolved in pure 
dimethyl sulfoxide (DMSO) at 10-2 M. Final DMSO concen-
trations in the bath medium did not exceed 0.1%, which did 
not affect the vascular responses. Other drugs were dissolved/
diluted in/with distilled water. All drugs are expressed in molar 
concentrations (mol/L, M) in bathing solution.

Statistics: Data are presented as means±S.E.M. and n refers to 
the number of experiments.

Awards for Global Warming Prevention Activities and Others
On December 4th, 2017, the Ministry of the Environment gave 
us the Environment Minister's Award for our activities titled 
‘Global deployment of concrete and feasible new technologies to 
solve global warming and restore the green earth’ (Figure 122). 
Activities: Developed a new and safe organic compound "SOM-
RE" as a plant root elongation agent. Reason for commendation: 
SOMRE–treated indigenous plant roots grew two to three times 
longer than usual, and the rooting rate was 87.6%, resulting in 
partial greening of the fluid dunes. The authors also conduct-
ed the world's first airborne SOMRE soaked seed dispersal in the 
Gobi Desert. Furthermore, they verified the increase in yield of In-
dian rice. Contributed to the prevention of global warming by vast 
CO2 absorption sources in drylands and desert greening, and by 
improving food yields. Fortunately, the author was able to contrib-
ute to society in small way, so in March 2023, he was awarded the 
Order of the Sacred Treasure in the Spring Conferment of Deco-
rations. Encouraged by this, he intends to make further efforts to 
realize his dream and mission until the end of life.
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