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Phosgene (COCL) is a very important C1 building block in organic synthesis. It is used
as a reaction-controllable reagent with high reactivity in a variety of organic syntheses.
However, it is well known that phosgene has extremely high toxicity owing to its high
reactivity. There are mainly two synthetic methods of phosgene. As a general method,
which has been adopted mainly in industry for a century, it is synthesized with carbon
monoxide (CO) and chlorine (Cl2) with activated carbon as a catalyst. However, not only the
produced COCIz, both CO and Cl2 also have high toxicity. Hence, this method has a
potential risk to cause their accidental leakage in the production processes.

As an alternative safe method of synthesizing COCIz, it is produced from
base-catalyzed decomposition of phosgene oligomers such as triphosgene (BTC) and
diphosgene (TCF), which can be used as solid and liquid at room temperature, respectively.
However, recently, some research groups claimed that both BTC and TCF also need highly
strict operations, since they also have high toxicity like phosgene. Despite such serious
disadvantage, phosgene still attracts organic chemists because of its many practical
advantages in organic synthesis. It allows organic syntheses, regardless of the scale, in
high yield without notable side products in short reaction time at room temperature. These
advantages and disadvantages of phosgene have led organic chemists to expect the
development of innovative phosgenation reactions that allows artificial control of in situ
production and consumption of COCI2 by physical stimuli such as light, pressure, sound,
electricity, and heat without using toxic compounds with high environmental impact.

With this background and social requirements, the author have studied on a novel in
situ photo-on-demand phosgenation reaction with chloroform, which serves as both reagent
and solvent. This photochemical reaction allowed developments of in situ UV

photo-on-demand syntheses of chloroformate and Vilsmeier reagent from a mixture
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solution of chloroform and a substrate without any other reagents and catalyst. The
reaction is accomplished in a solution with simple and easy procedures only upon
photo-irradiation under Oz bubbling. The reaction was further evelved with lower energy
visible light upon addition of small amount of Cl2, which generates Cl radical under
exposure to the visible light, to the reaction system.

This thesis is composed of four chapters. Chapter 1 describes background and
motivation of this study. For the social requirerﬁent to develop novel phosgenation reactions,
the author has studied an innovative in situ photo-on-demand phosgenation reactions with
chloroform. It is known that CHCls undergoes oxidative photo-decomposition to give
phosgene in analytical scale. However, this phenomenon has never been utilized in
practical organic synthesis. The author expected that the present study causes a big
innovation in organic synthesis.

Chapter 2 describes UV photo-on-demand in situ synthesis of chloroformate with a
chloroform solution containing an alcohol. The chloroformate, which is an important building
block in organic synthesis, is produced under Oz bubbling upon photo-irradiation of the
chloroform solution with a low-pressure mercury lamp, which mainly generate UV light with
wavelengths of 184.9 and 253.7 nm. Although the alcohol is generally used as a stabilizer
of chloroform, the reaction occurred to give thé chloroformate in high yield. For example,
when a CHCIs solution containing 20 mmol of 1-hexanol was exposed to UV light at 30 °C
for 5 h, the corresponding chloroformate was obtained in 93% yield. With respect to the
mechanism of the reaction, oxidative photo-decompasition of chloroform produces
phosgene, and it was then reacted in situ with the alcohol immediately to form the
chloroformate. This reaction is available to a variety of alcohols, having relatively high

nucleophilicity, to attain synthesis of aliphatic and aromatic chloroformates in high yields.
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Taking an advantage of the chloroform that serves as both solvent and reactant, the sample
solution as prepared was further available to one-pot synthesis of carbonates and
carbamates upon mixing with an alcohol or amine with or without an organic base.
Compared with the current conventional methods for synthesizing the chloroformates with
phosgene gas or phosgene oligomers, the present new method has many practical
advantages in terms of safety, simplicity, operation, and cost. The author believes that it
can replace the current conventional methods.

Chapter 3 describes UV photo-on-demand in situ synthesis of Vilsmeier reagent (VR)
with chloroform. VR is a key reagent in a variety of organic syntheses especially for the
formylation reactions. It could be synthesized with an essentially same reaction system
described in chapter 2. Two types of Vilsmeier reagents were obtained from a chloroform
solution containing N,N-dimethylformamide (DMF) or N,N-dimethylacetamide (DMA) uﬁon
UV light irradiation under Oz bubbling. Representatively, when a CHCI3 solution containing
20 mmal of DMF was exposed to UV light at 30 °C for 3 h, the corresponding VR was
obtained quantitatively. Oxidative photo-decomposition of CHCIz most likely provides COClz,
and then, it immediately reacts in situ with DMF to afford VR. The reactions with DMF and
DMA provided the corresponding VRs without notable side products in high yields, and their
structures could be characterized by X-ray single crystallographic analysis. To the best of
author's knowledge, this is the first example of the X-ray crystallography of Vilsmeier
reagent. The CHCIs solutions of VRs, as prepared, were further available to one-pot
synthesis of useful organic chemicals, such as aldehydes, acid chlorides, formates,
ketones, and esters. This photochemical reaction also provides enormous advantages in
organic synthesis in terms of efficiency, safety, cost, and environment. It will cause a big

innovation of organic syntheses in both laboratory and industry.



Chapter 4 describes visible light photo-on-demand in situ synthesis of Vilsmeier
reagent with chloroform. Visible light promoted chemical reactions have attracted
considerable attention in organic synthesis, because they are expected to play an important
role in addressing environmental issues such as reduction of CO2 emission. In comparison
with the reactions with higher energy UV light, it has an advantage to reduce energy <;f the
light and also decrease photochemical decompositions of the reaction substrates and/or
products. As an extension of the UV photo-on-demand synthesis of VR described in
chapter 3, herein, in situ photo-on-demand synthesis of VR with visible light was achieved
with a chloroform solution containing DMF upon addition of catalytic amount of Clz into the
system. To the best of author's knowledge, no example has been reported for the synthesis
of the commonly used VR with the visible light. As a representative reaction, when a CHCl3
solution containing 20 mmol of DMF was exposed to the visible light at 50 °C with a
c;ommercially available white LED light (9W), which emits 400~700 nm visible light, the
corresponding VR was obtained in 98% vyield. The reaction mechanism is expected as
follow: The visible light promotes homolytic cleavage of Clz to give Cl radical, which may
extract hydrogen from CHCls to accelerate radical chain reactions with Oz to give COCl2. It
reacts immediately with DMF to give VR. The main side products generated in this reaction
are gaseous HCI and COz, which automatically move out of the reaction system. Taking
these advantages, this reaction was then further available to the one-pot synthesis of
aldehydes. The system uses no special equipment, and the experiment can be easily as
well as safely performed in the closed system. Here, photo-on-demand synthesis of VR is

further evolved in terms of the practical applications.
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