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Carbamates, ureas, carbonates, esters, and amides, due to their structural diversity, are
widely used in fields such as pharmaceuticals, agrochemicals, fragrances, and solvents, and
possess significant application value. Currently, in the photo-on-demand reaction system
using chloroform (CHCIs3) as the raw material, phosgene (COCIly) was generated in situ as a
reaction intermediate through a photo-oxidation reaction, and subsequently used to
synthesize target products such as carbamates, N-substituted ureas, carbonates, esters, and
amides. This method achieved the synthesis of the target products through the in situ
generation and consumption of COCIl.. However, this reaction system relied on COCI,, which
is highly toxic and was historically used as a chemical weapon. COCI; has a C1 building
block and is a colorless gas at room temperature, with the odor of rotten grass. Due to its
difficulty in being perceived, once leakage occurs in laboratories or industrial production,
inhalation by the human body can easily cause severe health hazards, even endangering life,
thus leading to serious safety accidents. Therefore, the development of reaction systems that
are free of COCI or reduce its use is an important safety challenge at present. In addition,
the synthesis of carbamates, N-substituted ureas, esters, and amides involves the use of
mercury lamps, and mercury has potential hazards to the environment and humans.

To enhance safety in both laboratory and industrial production environments, it is
necessary to develop safer reaction systems. Trichloroacetyl chloride (TCAC) has a C2
building block and is a colorless liquid at room temperature. Compared with gaseous COCl,,
it is more easily perceived and has a strong chlorine odor. Once a leakage occurs, the human
body can usually perceive it quickly and evacuate in time. Therefore, TCAC has a significant
safety advantage over COClIy. In this study, on the premise of avoiding the use of COCI; and
mercury lamps, tetrachloroethylene (TCE) was used as the raw material to explore a method
for photo-on-demand generation of TCAC under a safer and more environmentally friendly
365 nm LED light source, and TCAC was further utilized to synthesize carbonates, esters,
and amides. At the same time, in order to further reduce the generation of COCI; and improve
the yield of TCAC, my study also optimized the reaction conditions. In addition, N-substituted
trichloroacetamides (NTCAs) were used as substrates to synthesize carbamates and N-
substituted ureas.

In order to avoid the use of COCly, this study used TCE as the raw material to generate
TCAC through a photo-oxidation reaction, and synthesized carbonates, esters, and amides.
In addition, the use of mercury lamps has potential hazards to the environment and humans,
and UV-C light causes a certain amount of photodecomposition of organic substrates and
products. To avoid the use of mercury lamps, this study used a safer and more
environmentally friendly LED light source (365 nm) and introduces chlorine gas (Cly) as an
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initiator to achieve efficient generation of TCAC, thereby avoiding the potential hazards of
mercury lamps to the environment and humans. In order to reduce the formation of COCI;
and increase the yield of TCAC, this study optimized the reaction temperature and reaction
time, reducing the formation of COCIz to 13% while increasing the yield of TCAC to 85%,
effectively reducing the formation of COCI; while taking into account the yield of TCAC.

In the study of the synthesis of carbamates and N-substituted ureas, the application of
N-substituted trichloroacetamides (NTCAs) 1-5 as reaction substrates was investigated,
including 2,2,2-trichloro-N-(2,2,2-trifluoroethyl)acetamide (NTCA 1), N,N'- (methylenebis(4,1-
phenylene))bis(2,2,2-trichloroacetamide) (NTCA 2), N,N'-(octafluorochexane-1,6-
diyl)bis(2,2,2-trichloroacetamide) (NTCA 3), N-phenyl-2,2,2-trichloroacetamide (NTCA 4), N-
(2,2,2-trichloroacetyl)benzamide (NTCA 5). Under basic conditions, NTCA 1, 2, and 3 each
underwent condensation reactions with alcohols to afford the corresponding carbamates,
while NTCA 1, 4, and 5 respectively reacted with amines to afford the corresponding N-
substituted ureas. The experimental results for the synthesis of carbamates indicate that
NTCA 2, lacking fluorine substituents and thus having weaker electron-withdrawing effects,
may lead to a slower formation rate of the isocyanate intermediate, thereby extending the
reaction time and reducing the yield. In contrast, NTCA 1 contains a —CF3, which increases
the electron-withdrawing ability, significantly shortening the reaction time and improving the
yield. NTCA 3, with a greater number of fluorine, exhibits higher reactivity and conversion
efficiency, achieving a yield of up to 85%. In the synthesis of N-substituted ureas, N-
substituted ureas were obtained through reactions with amines, with the highest yield
reaching 84%. The results showed that the yield of N-substituted urea obtained by using
aniline in the 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)/acetonitrile (CH3CN) system was
relatively low, which may be due to the limited nucleophilicity of aniline. In contrast, in the

‘sodium hydroxide (NaOH)/dimethyi sulfoxide (DMSO) system, the higher basicity and
polarity of the medium significantly enhance the reaction efficiency and yield of aniline with
NTCA 4.

In order to avoid the use of mercury lamps, this study used TCE as a raw material and
explored the method of generating TCAC under irradiation with a 365 nm LED light source.
By introducing Cl2 as an initiator and optimizing the reaction temperature and time, the yield
of TCAC was effectively improved while the formation of COCl> was reduced. The
experimental results showed that under the condition of =20 °C, when the photoreaction time
was extended to 5 hours, the yield of TCAC reached 85%, while the formation of COCl; was
controlled at 13%. Further utilizing TCAC, carbonates were synthesized, with isolated yields
ranging from 64% to 97%. In addition, during the experimental process, the formation of the
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by-product CHCIs provided potential for resource recovery and reuse in this system. However,
the formation of CHCls is highly dependent on the reaction temperature, and its volatile nature
leads to significant differences in the reaction conditions required for different target products,
thereby bringing practical challenges to the efficient recovery of CHCls.

In the study of ester synthesis, TCAC respectively reacted with sodium acetate, sodium
laurate, lauric acid, and acetic acid to generate the corresponding mixed anhydrides, which
then underwent condensation reactions with alcohols to achieve ester synthesis. The
experimental results showed that the nucleophilicity of alcohols had a significant effect on
the yield of esters and the formation of the by-product trichloroacetic acid esters (TCAES).
When the mixed anhydride formed from the reaction of TCAC with sodium acetate
respectively reacted with 1-butanol and 2-propanol, which have relatively strong
nucleophilicity, the isolated yields of the corresponding esters were relatively low (both 20%),
while the amounts of the by-product TCAEs were relatively high ("H NMR yields were 60%
and 29%, respectively). In contrast, when fluoroalcohols or aromatic aicohols with weaker
nucleophilicity were used, the isolated yields of the corresponding esters were 18-98%, and
the formation of the by-product TCAEs was significantly reduced or even completely avoided.
When sodium laurate or lauric acid containing an organic base reacted with TCAC to
generate the corresponding mixed anhydrides, followed by reaction with phenol, the
corresponding esters were obtained, with isolated yields of 48% and 62%, respectively, and
no by-products were detected. In addition, when the mixed anhydride generated from the
reaction of TCAC with acetic acid under basic conditions respectively reacted with 1-butanol
and 2-propanol, which have relatively strong nucleophilicity, the isolated yields of the
corresponding esters were significantly increased to 67% and 52%, and no TCAEs by-
products were detected. This phenomenon may be attributed to the fact that the base in the
system can rapidly capture the HCI released during the reaction process, maintaining the
system in a weakly basic environment, thereby inhibiting the occurrence of side reactions
and promoting the smooth progress of the esterification reaction between the mixed
anhydride and an alcohol, effectively solving the problem of easily generating by-products
TCAEs when using alcohols with relatively strong nucleophilicity. in the synthesis of amides,
TCAC respectively reacted with sodium acetate, sodium laurate, sodium benzoate, acetic
acid, lauric acid, and benzoic acid to generate the corresponding mixed anhydrides, which
then underwent condensation reactions with amines to achieve the synthesis of amides. The
experimental resuits showed that when butylamine and benzylamine respectively reacted
with the mixed anhydrides, the isolated yields of the resulting amides were relatively low (18%
and 31%, respectively), while the formation of the by-product trichloroacetamides (TCAAs)
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was relatively high ('"H NMR yields were 70% and 34%, respectively). When aniline, p-
toluidine, 4-flucroaniline, 2,6-difluoroaniline, and pentafluoroaniline with weaker
nucleophilicity respectively reacted with the mixed anhydrides, the isolated yields of the
corresponding amides were 42—94%, and no by-products TCAAs were detected. The results
showed that this reaction system was similar to the ester synthesis system, and when amines
with weaker nucleophilicity were used, no by-products TCAAs were formed. Similarly, under
basic conditions, when butylamine and benzylamine with relatively strong nucleophilicity
respectively reacted with the mixed anhydrides, the isolated yields of the resulting amides
were significantly increased to 68% and 71%, and no by-products TCAAs were detected.

In this study, under the premise of avoiding the use of COCl,, carbamates, N-substituted
ureas, carbonates, esters, and amides were synthesized, improving the safety of the reaction.
in order to avoid the use of mercury lamps, a safer and more environmentally friendly 365
nm LED light source was used, which effectively avoids the potential hazards of mercury
lamps to the environment and humans. This study significantly improves the safety and
environmental friendliness of the organic synthesis process, and has important practical

significance and promotion value in both laboratory and industrial applications.
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