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METHOD FOR PRCDUCI NG CARBONYL HALI DE

[ TECHNI CAL FI ELD]
[ 0001]

The present invention relates to a nethod for producing a
carbonyl halide efficiently in terns of an anmount of a used

hal ogenat ed net hane.

BACKGROUND ART
[ 0002]

A carbonyl halide such as phosgene is very inportant as a
synthetic internediate of various conpounds and a raw materia
of a material. For exanple, a carbonate conpound is generally
produced from phosgene and an al cohol conpound.

[ 0003]

Phosgene is however very toxic. For exanple, phosgene is
easily reacted wth water to generate hydrogen chloride and
has a history of being used as poi sonous gas. |n general,
phosgene i s produced by a high-heat-generating gas phase
reacti on between an anhydrous chl orine gas and high purity
carbon nonoxide in the presence of an activated carbon
catal yst. Carbon nonoxide used in this reaction is also toxic.
The basic process to produce phosgene has not changed nuch
since the 1920s. Such a process to produce phosgene requires
expensive large-scale facilities. An extensive safety
assurance is essential in plant design due to the high
toxicity of phosgene and | eads to increased production costs.
[ 0004]

The inventors of the present invention have devel oped the

nmet hod for produci ng a hal ogen and/or a carbonyl halide by
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irradiating light to a hal ogenated hydrocarbon in the presence
of oxygen (Patent document 1). The nethod is safe, since the
carbonyl halide produced by the nethod can be directly
supplied to a reactive substrate conpound such as an am ne
conpound and an al cohol conpound. |In addition, the carbonyl
hal i de that has not used for the reaction can be collected in
order not to be | eaked outside by using a trap. For exanple,
the inventors al so have devel oped the nmethod for producing a
hal ogenat ed carboxyl ate ester by irradiating light to a

m xture contai ning a hal ogenat ed hydrocarbon and an al cohol in
the presence of oxygen (Patent docunent 2). In addition, the

i nventors al so have devel oped the nethod for producing a
carbonate derivative by irradiating light to a conposition
cont ai ni ng a hal ogenat ed hydrocarbon, a nucleophilic
functional group-containing conpound and a base in the
presence of oxygen (Patent docunent 3 and Patent docunent 4).

[ 0005]

When a carbonyl halide is produced by the above-descri bed
net hods, a | arge anount of a hal ogenated hydrocarbon renains
in conparison with the produced carbonyl halide. A hal ogenated
hydr ocar bon cannot be easily discarded and is needed to be
purified and reused due to high environment | oad.

[ 0006]

It has been known froma long tinme ago that a carbonyl
hal i de i s deconposed by |ight. For exanple, Patent docunent 5
di scl oses the nethod for deconposing phosgene to be renoved by
phot odeconposition by irradiating ultraviolet Iight to boron
trichloride containing phosgene as an inpurity. It is also
descri bed in Non-patent docunent 1 that phosgene is deconposed

by irradiating |ight.
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PRI OR ART DOCUMENT
PATENT DOCUMENT
[ 0007]

Pat ent docunent JP 2013-181028 A
Pat ent docunent WO 2015/ 156245
Pat ent docunent WO 2018/ 211952

Pat ent docunent WO 2018/ 211953

a & w nh R

Pat ent docunent US 4, 405,423 B
NON- PATENT DOCUNMENT
[ 0008]
Non- pat ent docunent 1: C. W Mostgonery et al., J. Am Chem
Soc., 1934, 56, 5, pp. 1089-1092

DI SCLOSURE OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0009]

The inventors of the present invention have devel oped a
nmet hod for producing a carbonyl halide by irradiating light to
a hal ogenat ed hydrocarbon as descri bed above, and the reaction
efficiency of the produced carbonyl halide and an al coho
conmpound or the like is high. But the yield to the used
hal ogenat ed hydrocarbon is |low, since a |arge anount of a
hal ogenat ed hydrocarbon is used.

Thus, the objective of the present invention is to provide
a method for producing a carbonyl halide efficiently to the

used hal ogenat ed net hane.

MEANS FOR SCLVI NG THE PROBLEMsS
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[0010]

The inventors of the present invention repeated intensive
studies in order to solve the above-described problens. For
exanpl e, the inventors anticipated that if high energy |ight
Is irradiated to vaporized hal ogenated net hane, the
hal ogenat ed net hane can be efficiently phot odeconposed but the
produced carbonyl halide may be al so rapidly phot odeconposed
in a gas phase. On the one hand, the inventors exam ned
various reaction conditions; as a result, the inventors
conpl eted the present invention by finding that a carbonyl
hal i de can be surprisingly produced with high yield by
irradi ating high energy light to vaporized fl owed hal ogenat ed
met hane.

The present invention is hereinafter descri bed.

[ 0011]

[1] A method for producing a carbonyl halide, conprising the
steps of:

preparing a m xed gas conprising oxygen and a hal ogenat ed
nmet hane havi ng one or nore hal ogeno groups selected fromthe
group consisting of chloro, brono and i odo, and

flow ng the m xed gas and irradiating a high energy |ight
to the fl owed m xed gas.

[2] The method according to the above [1], wherein a shortest
di stance froma |ight source of the high energy light to the
flowed mxed gas is 1 mor |ess.

[3] The method according to the above [1] or [2], wherein
time to irradiate the high energy light to the fl owed m xed
gas is 1 second or nore and 10000 seconds or |ess.

[4] The method according to any one of the above [1] to [3],

wherein a tenperature during the irradiation of the high

4
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energy light to the flowed m xed gas is 40°C or higher and
200°C or | ower.
[5] A method for producing a fluorinated carbonate conpound,
conprising the steps of:
produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and
reacting a fluorinated al cohol conpound and the carbonyl
hal i de,
wherein a nolar ratio of the fluorinated al cohol conpound
to the hal ogenated nethane is adjusted to 1 or nore.
[6] A nethod for producing a non-fluorinated carbonate
conmpound, conprising the steps of:
produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and
reacting a non-fluorinated al cohol conpound and the
car bonyl hali de,
wherein a nolar ratio of the non-fluorinated al coho
conpound to the hal ogenated nethane is adjusted to 1 or nore.
[7] A method for producing a hal ogenated form c acid
fluorinated ester conpound, conprising the steps of:
produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and
reacting a fluorinated al cohol conpound and the carbonyl
hal i de,
wherein a nolar ratio of the fluorinated al cohol conpound
to the hal ogenated nethane is adjusted to |l ess than 1.
[8] A method for producing a hal ogenated form c acid non-
fluorinated ester conpound, conprising the steps of:
produci ng a carbonyl halide by the nethod according to any

one of the above [1] to [4], and
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reacting a non-fluorinated al cohol conpound and the
car bonyl hali de,
wherein a nolar ratio of the non-fluorinated al coho
compound to the hal ogenated nethane is adjusted to | ess than
1.
[9] A nethod for producing an isocyanate conpound, conprising
the steps of:
produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and
reacting a primry am ne conpound and the carbonyl hali de,
wherein a nolar ratio of the primary am ne conpound to the
hal ogenated nethane is adjusted to | ess than 1.
[10] A nethod for producing an am no aci d- N carboxylic
anhydri de, conprising the steps of:
produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and
reacting an am no acid conpound represented by the
followng formula (VI1) and the carbonyl halide,
wherein the am no aci d-N-carboxylic anhydride is

represented by the following formula (VII1):

[0012]
@)

R _CO,H R¢

@)

5,NH ( VIT ) /NK ( VIIT )

R R5 )
[ 0013]
wher ei n

R* is an amno acid side chain group wherein a reactive

group is protected,
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Ris Hor PL-[-NHCHR-C(=0)-]i1- wherein R is an am no acid
side chain group wherein a reactive group is protected, Pl is a
protective group of the amno group, | is an integer of 1 or
nore, and when | is an integer of 2 or nore, a plurality of R6
may be the sane as or different from each other.

[11] A nethod for producing a Vilsneier reagent,

wherein the Vilsneier reagent is a salt represented by the

following formula (X):

[ 0014]
R X

T v

RETNRY (X))

[ 0015]
wher ei n

R” is a hydrogen atom a Ci.e¢ al kyl group or an optionally
substituted GCs.12 aromatic hydrocarbon group,

Re and R® are independently a Ci.s al kyl group or an
optionally substituted Cs.12 aromati ¢ hydrocarbon group, or Re
and RR. may forma 4 or nore and 7 or |ess-nenbered ring
structure together with each other,

X is a hal ogeno group selected fromthe group consisting of
chl oro, brono and i odo,

Y- is a counter anion,

conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of the above [1] to [4], and

reacting the carbonyl halide and an am de conpound
represented by the following formula (IX):

[ 0016]
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|q8
7 P
RENge (1x)
[ 0017]

wherein R” to R® have the sane neanings as the above.

EFFECT OF THE | NVENTI ON
[ 0018]

The use and treatnent of a hal ogenated nethane is
restricted due to a high environnmental inpact. On the one
hand, a carbonyl halide can be produced efficiently fromthe
used hal ogenat ed net hane, and a hal ogenat ed nmet hane can be
effectively used by the present invention. Thus, the present
invention is very industrially useful as the technol ogy that
enabl e effective utilization of a hal ogenated net hane and

ef ficient production of a carbonyl halide such as phosgene.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0019]

Fig. 1 is a schematic diagramto denonstrate one exanpl e of
the constitution of a reaction systemusable in the present
i nvention method.

Fig. 2 is a schematic diagramto denonstrate one exanpl e of
the constitution of a reaction systemusable in the present
i nventi on met hod.

Fig. 3 is a schematic diagramto denonstrate one exanpl e of
the constitution of a reaction systemusable in the present
i nvention method.

Fig. 4 is a schematic diagramto denonstrate one exanpl e of

the constitution of a reaction systemusable in the present

8
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i nventi on met hod.

Fig. 5is a schematic diagramto denonstrate one exanpl e of
the constitution of a reaction systemusable in the present
i nvention method.

Fig. 6 is a schematic diagramto denonstrate one exanpl e of
the constitution of a reaction systemusable in the present

i nventi on net hod.

MODE FOR CARRYI NG OQUT THE | NVENTI ON
[ 0020]

The present invention nmethod is hereinafter described step
by step, and the present invention is not restricted to the
foll om ng specific exanples.

[ 0021]
1. Step to prepare m xed gas

The m xed gas conpri sing oxygen and a hal ogenat ed net hane
conprising one or nore hal ogeno groups selected fromthe group
consi sting of chloro, bronb and iodo in this step.

[ 0022]

The hal ogenat ed nmet hane used in the present invention neans
a met hane that has one or nore hal ogeno groups sel ected from
the group consisting of chloro, bronb and iodo. The
hal ogenat ed net hane may be deconposed by oxygen and hi gh
energy |ight to becone a carbonyl halide.

[ 0023]

The hal ogenat ed net hane may be deconposed by oxygen and
hi gh energy light as described above and play a role simlarly
to a carbonyl halide in the present invention. The hal ogenated
net hane is preferably a pol yhal ogenat ed net hane having 2 or

nor e hal ogeno groups and preferably a perhal ogenated net hane,

9
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in which all of the hydrogen atons are substituted with
hal ogeno groups.
[ 0024]

An exanpl e of the specific hal ogenated net hane includes a
hal ogenat ed net hane such as di chl oronet hane, chl orof orm
di br ononet hane, bronoform i odonet hane and dii odonet hane.

[ 0025]

The hal ogenat ed net hane may be appropriately sel ected
dependi ng on the target chenical reaction and the desired
product. Only one kind of the hal ogenated net hane may be used,
or two or nore kinds of the hal ogenated net hanes nay be used
I n conbination. Only one kind of the hal ogenated nethane is
preferably used depending on the target conpound to be
produced. The hal ogenated net hane having a chloro group is
preferred anong the hal ogenat ed nmet hanes in terns of
vapori zation and cost.

[ 0026]

A general hal ogenated net hane product may contain a
stabilizing agent such as an alcohol to inhibit the
deconposition of the hal ogenated nethane. Since the
hal ogenat ed net hane i s oxidatively photodeconposed in the
present invention, a stabilizing agent may be renpved fromthe
hal ogenat ed net hane to be used. When the hal ogenated net hane
fromwhich a stabilizing agent is renoved is used, the
hal ogenat ed net hane may be possi bly deconposed nore
efficiently. For exanple, high energy light of which energy is
relatively |ow nmay be used, and the tinme to irradiate high
energy |ight may be reduced. A nethod for renoving a
stabilizing agent fromthe hal ogenated nethane is not

particularly restricted. For exanple, the hal ogenated nethane

10
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may be washed with water to renove a water sol uble stabilizing
agent and then dried.
[ 0027]

Chl oroform which is used as a general - purpose sol vent and
I S i nexpensive, can be used as the hal ogenated nethane used in
the present invention nethod. For exanple, the hal ogenated
net hane that has been once used as a sol vent nay be recovered
to be reused. It is preferred that such a used hal ogenat ed
nethane is purified to sonme extent for use, since if a |arge
amount of an inpurity and water is contained, the reaction nmay
be possibly inhibited. For exanple, it is preferred that water
and a water-soluble inpurity is renoved by washing with water
and then the hal ogenated nethane is dried over anhydrous
sodi um sul f at e, anhydrous magnesi um sul fate or the I|ike.
Excessive purification by which the productivity becones | ess
i's not needed, since even when water about 1 mass%is
contained, the reaction may proceed. The water content is
preferably 0.5 mass% or |ess, nore preferably 0.2 nmass% or
| ess, and even preferably 0.1 nmass% or |ess. The water content
is preferably detection Iimt or less, or O nass% The above-
descri bed reused hal ogenat ed net hane may contai n the degradant
of the hal ogenat ed net hane.
[ 0028]

In particular, when the hal ogenated nmethane is not |iquid
I n an atnospheric tenperature and an atnospheric pressure or
difficult to vaporize, a solvent nmay be used in addition to
t he hal ogenat ed nmet hane. Such a sol vent may possibly
accel erate the deconposition of the hal ogenated nethane. In
addition, the solvent may possibly inhibit the deconposition

of the carbonyl halide produced by the deconposition of the

11
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hal ogenated nethane. It is preferred that the solvent can
appropriately dissolve the hal ogenat ed nmet hane and does not
i nhibit the deconposition of the hal ogenated nethane. An
exanpl e of the solvent includes a ketone solvent such as
acetone, nethyl ethyl ketone, nethyl isobutyl ketone and
cycl ohexanone; an ester solvent such as ethyl acetate; an
al i phatic hydrocarbon sol vent such as n-hexane; an aromatic
hydr ocar bon sol vent such as benzene, toluene, xylene and
benzonitrile; an ether solvent such as diethyl ether,
tetrahydrofuran and di oxane; and a nitrile solvent such as
acetonitrile.

[ 0029]

An oxygen source nmay be a gas containi ng oxygen, and for
exanple, air or purified oxygen may be used. Purified oxygen
may be m xed with an inert gas such as nitrogen and argon to
be used. It is preferred to use air in terns of cost and
easi ness. An oxygen content in an oxygen-contai ning gas used
as an oxygen source is preferably about 15 vol % or nore and
about 100 vol % or less in terns of high deconposition
efficiency of the hal ogenated nethane by irradiation of high

energy light. Substantially oxygen only other than an

inevitable inpurity is preferably used. The oxygen content may

be appropriately determ ned depending on the kind of the

hal ogenat ed net hane or the |like. For exanple, when a chloro
met hane such as di chl oronmet hane and chloroformis used as the
hal ogenat ed net hane, the oxygen content is preferably 15 vol %
or nore and 100 vol % or |ess. Wen a brono nethane such as

di br ononet hane and bronoformis used, the oxygen content is
preferably 90 vol % or nore and 100 vol % or | ess. Even when

oxygen having an oxygen content of 100 vol % is used, the

12
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oxygen content can be controlled in the above-described range
by adjusting a flow anount of oxygen into the reaction system
[ 0030]

Dried air may be used as the oxygen source. Since even air
cont ai ni ng water vapor may not excessively inhibit the
reaction, air may be used w thout adjusting water vapor
content. The oxygen concentration in the air is about 21 vol %
and the oxygen concentration in the oxygen source may be al so
adjusted to 205 vol % The concentration is preferably 20x2
vol % Wen air is used as the oxygen source, an air conponent
ot her than oxygen may absorb excessive high energy |light and
reduces the concentration of the produced carbonyl halide; as
a result, the deconposition of the produced carbonyl halide
may possi bly be inhibited.

[ 0031]

A m xed gas containing the gaseous hal ogenat ed net hane and
oxygen is prepared in this step. The condition to prepare the
m xed gas is not particularly restricted. For exanple, the
hal ogenated nethane is supplied to the heater 3 using the
syringe punp 1 at the predeterm ned flow anount to vapori ze
t he hal ogenat ed nmet hane by heating to the boiling point or
hi gher, and the predeterm ned fl ow anmount of an oxygen and the
vapori zed hal ogenated net hane are m xed using the nmass fl ow
controller 2 to obtain a m xed gas as denonstrated in Figures
1, 2, 4 to 6.

[ 0032]

Alternatively, the bath tenperature of the photoreaction
vessel 12 equipped with the |ight source 11 and the bath 13 is
prelimnarily set to the boiling point or higher of the

hal ogenat ed net hane, and then the hal ogenated net hane is

13
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supplied into the photoreaction vessel 12 to be vaporized as
denmonstrated in Figure 3. The supplied hal ogenated net hane nay
be stirred using the stirring bar 14 to accelerate the
vapori zation of the hal ogenated net hane. The hal ogenat ed
net hane is vaporized and an oxygen-containing gas is supplied
into the gas phase of the photoreaction vessel 12 at the
predeterm ned fl ow anpbunt to prepare the m xed gas contai ni ng
t he hal ogenat ed nmet hane and oxygen in the photoreaction vesse
12.
[ 0033]

The ratios of the vaporized hal ogenated net hane and oxygen
in the mxed gas may be appropriately adjusted as |Iong as a
carbonyl halide can be successfully produced. For exanple, the
ratio of the flow anmount of oxygen in an oxygen-contai ni ng gas
to the flow anbunt of the hal ogenated nmethane in the m xed gas
may be adjusted to 0.1 or nore and 10 or less. Wen the ratio
is 0.1 or nore, the hal ogenated nmet hane may be oxidatively
phot odeconposed sufficiently. When the ratio is 10 or |ess,
t he produced carbonyl halide nmay be sufficiently prevented
fromfurther being oxidatively photodeconposed. The ratio is
preferably 0.2 or nore, nore preferably 0.4 or nore, even nore
preferably 0.5 or nore, and preferably 8 or |ess, nore
preferably 6 or less. |In particular, when the ratiois 0.5 or
nore, the production of a by-product and trouble of the
reacti on systemdue to a by-product nay be suppressed nore
ef fectively.
[ 0034]

When an oxygen-containing gas is supplied into the gas
phase contai ning the vaporized hal ogenated nethane in the

reacti on system denonstrated as Figure 3, an enough anount of

14
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oxygen that causes oxidative photodeconposition of the
hal ogenat ed nethane is preferably used. For exanple, the flow
anmount of oxygen per 1 mnute to 1 nole of the hal ogenated
nmet hane may be adjusted to 0.1 L or nore and 100 L or |ess.
The ratio is preferably 1 L or nore, nore preferably 5 L or
nore, and even nore preferably 10 L or nore.
[ 0035]

2. xidative photodeconposition step

The m xed gas containing the hal ogenated net hane and oxygen
is flowed, and high energy light is irradiated to the fl owed
m xed gas in the gas phase to produce a carbonyl halide by
oxi dati ve phot odeconposition of the hal ogenated nethane in
this step.

[ 0036]

The high energy light to be irradiated to the fl owed m xed
gas preferably contains short wavel ength |ight and nore
preferably contains ultraviolet light. The |ight containing
the |ight having the wavel ength of 180 nmor nore and 500 nm
or less and the light containing the |ight having the peak
wavel engt h of 180 nmor nore and 500 nmor |ess are preferred.
The wavel ength of the high energy |ight may be appropriately
determined, is nore preferably 400 nmor |ess and even nore
preferably 300 nmor less, and the light of which peak
wavel ength is included in the above ranges is al so preferred.
When the irradiated |light contains the |ight of which
wavel ength is included in the above ranges, the hal ogenated
net hane can be oxi datively phot odeconposed efficiently. For
exanpl e, the light containing UV-B having the wavel engt h of
280 nmor nore and 315 nmor |ess and/or UV-C having the

wavel ength of 180 nmor nore and 280 nmor |ess nay be used,
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the |ight containing UV-C having the wavel ength of 180 nm or
nore and 280 nmor less is preferably used, and the |ight of
whi ch peak wavel ength is included in the ranges is al so
preferred.

[ 0037]

Si nce the gaseous hal ogenated nethane is oxidatively
phot odeconposed in the present invention, even the high energy
light having relatively | ow energy nay possibly oxidatively
phot odeconpose t he hal ogenated nethane. 1In particular, when
t he hal ogenat ed nmet hane that does not contain a stabilizing
agent is used, even the high energy light having relatively
| ow energy may possi bly oxidatively phot odeconpose the
hal ogenat ed net hane. An exanple of the high energy Iight
having relatively | ow energy includes the |ight of which peak
wavel ength is included in visible Iight wavel ength range. The
visible |ight wavel ength range may be 350 nm or nore and 830
nmor |less, and is preferably 360 nmor nore, nore preferably
380 nmor nore, even nore preferably 400 nmor nore,
preferably 800 nmor |less, nore preferably 780 nm or |ess,
even nore preferably 500 nmor |ess.

[ 0038]

A neans for the light irradiation is not particularly
restricted as long as the Iight having the above-descri bed
wavel ength can be irradiated by the neans. An exanple of a
| i ght source of the light having such a wavel ength range
i ncl udes sunlight, |ow pressure nercury |anp, nedi um pressure
nmercury | anp, high pressure nmercury |anp, ultrahigh pressure
nmercury | anp, chem cal |anp, black Iight |lanp, netal halide
lanp and LED anp. A low pressure nercury lanp is preferably

used in terns of a reaction efficiency and a cost.
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[ 0039]

The condition such as a strength of the irradiation |ight
may be appropriately determ ned dependi ng on the hal ogenat ed
net hane or the like. For exanple, a |light strength at the
shortest distance position of the flowed m xed gas fromthe
i ght source is determ ned dependi ng on the production scale
and the wavel ength of the irradiation light and is preferably
1 mWcn? or nore and 200 mMWcn? or |ess. For exanple, when the
wavel ength of the irradiation light is relatively short, the
light strength is nore preferably 100 mNWcn? or | ess or 50
nWcn? or | ess and even nore preferably 20 mNcn? or |ess or 10
MmNV cn? or | ess. Wen the wavelength of the irradiation Iight
is relatively long, the light strength is nore preferably 10
mV cn? or nore and 20 mWcn? or nore and nay be 50 mWcn? or
nore or 100 mWcn? or nore. The shortest distance between the
light source and the flowed m xed gas is preferably 1 mor
| ess, nore preferably 50 cmor |ess, and even nore preferably
10 cmor less or 5 cmor less. The lower Iimt of the shortest
di stance is not particularly restricted and may be O cm In
ot her words, the light source is placed in the flowed m xed
gas.

[ 0040]

The condition to irradiate the high energy light to the
flowed m xed gas is not particularly restricted. For exanple,
the fl ow photoreaction device 4 is constructed by arrangi ng
one or nore reaction tubes around the |ight source, or the
fl ow photoreaction device 4 nay has a gas inlet and a gas
outl et at both ends and the |ight source is inserted
thereinto. The m xed gas nmay be supplied through the flow

phot oreaction device 4 as Figures 1, 2 and 4. A reaction tube
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may be spirally wapped around the light source in order to
efficiently irradiate high energy light to the m xed gas in
the fl ow photoreaction device 4. The flow photoreaction device
4 may be equi pped with a heating neans to maintain the gas
state of the hal ogenated nethane. An exanple such a heating
means i ncludes a hot bath into which a part or all of the flow
phot oreaction device 4 can be i mersed and a heater that can
heat a part or all of the outside of the flow photoreaction
device 4. Alternatively, the photoreaction vessel 12 having
the light source 11 inside is constructed, the hal ogenated
nmet hane is vaporized in the photoreaction vessel 12, and high
energy light nay be irradiated fromthe |ight source 11 with
suppl yi ng an oxygen-contai ning gas into the photoreaction
vessel 12 as denonstrated in Figure 3. Also, the vaporized
hal ogenat ed net hane and an oxygen-contai ni ng gas may be
supplied into the photoreaction vessel 12 as denonstrated in
Figures 5 and 6.
[ 0041]

The vapori zed hal ogenat ed net hane nay be oxi datively
phot odeconposed to a carbonyl halide by oxygen and the high
energy light. It also has been known that a carbonyl halide is
deconposed by high energy light. Thus, it is inportant to
adjust the condition to irradiate the high energy light in
order not to excessively deconpose the produced carbonyl
hal i de.
[ 0042]

For exanple, the tine to irradiate the above-described high
energy light to the above-described fl owed m xed gas nay be
adj usted dependi ng on the wavel ength of the irradiation |ight

and the reaction tenperature and is preferably 1 second or
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nore and 2000 seconds or less. The tinme to irradiate the high
energy light corresponds to the retention tinme of the flowed
m xed gas in the photoreaction vessel in which the high energy
light is continuously irradiated to the flowed m xed gas. Wen
the tine is 1 second or nore, the vapored hal ogenat ed net hane
can be oxidatively photodeconposed nore surely. Wen the tine
I's 2000 seconds or |ess, the excessive deconposition of the
produced carbonyl halide may be inhibited nore surely. The
time is preferably 5 seconds or nore, nore preferably 10
seconds or nore, even nore preferably 20 seconds or nore or 30
seconds or nore, and preferably 1500 seconds or |ess, 1000
seconds or |ess, 500 seconds or |ess or 300 seconds or |ess,
nore preferably 100 seconds or |ess, even nore preferably 60
seconds or |less or 50 seconds or |less. Wen the hal ogenated
nmet hane that does not contain a stabilizing agent is used, the
deconposition of the produced carbonyl halide can be further
i nhibited by using the light of which wavelength is relatively
long. The light irradiation tinme may be adjusted within 1
second or nore and 10000 seconds or |ess in such a case. The
light irradiation tine is preferably 5000 seconds or |ess and
nore preferably 1000 seconds or less in ternms of the
production efficiency.
[ 0043]

Wien the tine to irradiate the high energy light is |Ionger,
t he hal ogenat ed nmet hane may be deconposed nore efficiently but
t he produced carbonyl halide may be further oxidatively
phot odeconposed. On the one hand, when the oxygen
concentration in the mxed gas is adjusted to be |ow, the
hal ogenat ed net hane may be oxi datively phot odeconposed wi th

suppressing the further oxidative photodeconposition of the
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carbonyl halide. For exanple, when the oxygen concentration in
the m xed gas is adjusted to 155 vol % and preferably 15+2
vol% the time to irradiate light to the m xed gas may be
adjusted to 50 seconds or nore, 100 seconds or nore, 150
seconds or nore, 200 seconds or nore, 500 seconds or nore or
1000 seconds or nore.

[ 0044]

The flow rate of the flowed m xed gas in the photoreaction
vessel to irradiate high energy light to the flowed m xed gas
is preferably determ ned in consideration of the interna
vol une of the photoreaction vessel. For exanple, when the
i nternal volunme of the photoreaction vessel is large, the
residence tinme of the m xed gas tends to becone | onger and
thus the flowrate is preferably adjusted to be increased. On
the one hand, when the internal volume of the photoreaction
vessel is small, the flowrate of the m xed gas is preferably
adjusted to be reduced. Specifically, since the interna
vol une of the photoreaction vessel (L) / the flowrate of the
flowed m xed gas (L/s) corresponds to the residence tine (s)
of the flowed m xed gas, the flow rate of the fl owed m xed gas
can be determ ned in consideration of the desired residence
time and the internal volune of the photoreaction vessel. The
flowrate of the flowed m xed gas can be regarded as the sane
as the flow rate of the oxygen-containing gas in the
enbodi nent denonstrated in Figure 3.

[ 0045]

The linear velocity of the flowed nm xed gas in the
phot oreacti on vessel may be adjusted to 0.001 mimn or nore
and 100 mMmn or less. Wen the linear velocity is 0.001 mmn

or nore, the photodeconposition of the carbonyl halide
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produced fromthe hal ogenated net hane by the gas phase
reaction can be inhibited nore surely. Wen the |inear
velocity is 100 mmn or less, the tine to transformthe

hal ogenat ed net hane to a carbonyl halide can be sufficiently
ensured nore surely. The linear velocity can be cal cul ated by
dividing the flow rate of the flowed m xed gas passi ng through
t he photoreaction vessel by the cross-sectional area of the
phot oreacti on vessel. Wen the cross-sectional area of the
phot oreacti on vessel is not constant, the cross-sectional area
may be regarded as the average val ue of the cross-sectiona
areas of the photoreaction vessel in the noving direction of
the flowed m xed gas. The average val ue can be cal cul ated by
dividing the internal volune of the photoreaction vessel by
the Il ength of the photoreaction vessel in the noving direction
of the flowed m xed gas. The linear velocity is preferably
0.01 mimn or nore, and preferably 50 mimn or less or 20
mmn or |ess, nore preferably 10 mMmn or less or 5 mMmn or

| ess, even nore preferably 1 mMmn or less or 0.5 mMmn or

| ess.

[ 0046]

The tenperature during the irradiation of the high energy
light to the vaporized hal ogenat ed net hane may be
appropriately adjusted as |long as the vaporization of the
hal ogenat ed net hane can be mai ntai ned and the excessive
deconposition of the produced carbonyl halide can be
i nhibited. For exanple, though the boiling point of
di chl oronet hane is 40°C and the boiling point of chloroformis
61. 2°C under atnospheric pressure, the gas state of the
hal ogenat ed net hane can be nmi ntai ned even under the

tenperature of |less than the boiling point by m xing the
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gaseous hal ogenated net hane wth oxygen or air. For exanple,
the tenperature may be adjusted to 35°C or higher and 250°C or
| ower. The tenperature is preferably 40°C or higher or 50°C or
hi gher, nore preferably 70°C or higher or 80°C or higher, even
nore preferably 85°C or higher, and preferably 200°C or | ower,
nore preferably 150°C or |ower, even nore preferably 120°C or

| ower. The tenperature may be adjusted by the tenperature of

t he vapori zed hal ogenat ed net hane and/or the tenperature of

t he oxygen-contai ning gas supplied into the reaction vessel.
The reaction vessel may be heated using a heat nediumto

mai ntain the tenperature of the mxed gas in the reaction
vessel .

[0047]

When the high energy light is irradiated to the hal ogenated
net hane, the m xed gas contai ning the hal ogenat ed net hane and
oxygen nmay not be pressurized but may be pressurized to the
extent that at | east the m xed gas can pass through the
reaction vessel. In addition, the productivity nay be inproved
by pressurizing the m xed gas. The gauge pressure of the m xed
gas in the reaction vessel nay be adjusted to O MPaG or nore
and 2 MPaG or less and is preferably 1 MPaG or | ess and nore
preferably 0.5 MPaG or | ess.

[ 0048]

The hal ogenated nethane is oxidatively photodeconposed and
a carbonyl halide [X-C(=0 -X wherein X is one or nore hal ogeno
groups selected fromthe group consisting of chloro, brono and
i odo.] may be produced. A carbonyl halide-Iike conpound which
plays a simlar role to a carbonyl halide nay be al so produced
in addition to a carbonyl halide. The carbonyl halide-Iike

conmpound is included in the carbonyl halide of the present
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i nvention. The representative reactions in which the carbonyl
halide is used is hereinafter described.
[ 0049]

3. Post reaction step — production of carbonate conpound

A carbonate conmpound can be produced by reacting the
carbonyl halide and an al cohol conpound.
[ 0050]

The conditions of the reaction are not particularly
restricted. For exanple, the gas containing the produced
carbonyl halide nay be blown into the conposition containing
an al cohol compound in the reaction vessel 6 as denonstrated
in Figure 1. Al so, an al cohol conpound is supplied into the
t enper ature-adj ustable coil reaction device 9, and the
carbonyl halide and an al cohol conpound nay be reacted in the
coil reaction device as denonstrated in Figure 2 and Figure 4.
The al cohol conpound nay be vaporized by adjusting the
tenperature of the coil reaction device in order to react the
carbonyl halide and the al cohol conpound in a gas phase in
this case. Furthernore, the carbonyl halide produced in the
phot oreacti on vessel 12 is pushed out fromthe photoreaction
vessel 12 by the supplied oxygen-containing gas and bl own into
t he conposition containing an al cohol conpound in the reaction
vessel 16 as denonstrated in Figures 3, 5 and 6. The cooling
condenser 15 may be set between the photoreaction vessel 12
and the reaction vessel 16 as denonstrated in Figure 3. The
tenperature of the cooling condenser is preferably adjusted so
that the produced carbonyl halide can pass therethrough. For
exanpl e, since the boiling point of phosgene anong a car bonyl
halide is 8.2°C, the tenperature of the cooling condenser 15

Is preferably adjusted to 10°C or higher in the case of
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phosgene.
[ 0051]

An al cohol conpound neans an organi ¢ conpound having a
hydroxy group and nay be exenplified by a nonoval ent al coho
compound represented by the followng formula (I) or a
di val ent al cohol conpound represented by the follow ng formul a
(I'l). Hereinafter, the conpound represented by fornula x is
abbrevi ated as “conpound x” in sonme cases. For exanple, the
nonoval ent al cohol conpound represented by the formula (I) is
abbrevi ated as the “nonoval ent al cohol conpound (1)” in sone
cases.

Rl_O.' oo (|)

HO-R-OH -+ (I1)
wherein Rl is a nonoval ent organic group and R is a dival ent
or gani ¢ group
[ 0052]

An organic group is not particularly restricted as |ong as
the organic group is inactive in the reaction of this step and
is exenplified by an optionally substituted Ci.10 aliphatic
hydr ocar bon group, an optionally substituted Cs.12 aromatic
hydr ocar bon group, an optionally substituted heteroaryl group,
an organic group constructed by binding 2 or nore and 5 or
| ess of an optionally substituted Ci-10 ali phatic hydrocarbon
group and an optionally substituted GCs.12 aromati c hydrocar bon
group, and an organic group constructed by binding 2 or nore
and 5 or less of an optionally substituted Ci-10 aliphatic
hydr ocarbon group and an optionally substituted heteroaryl
gr oup.

[ 0053]

An exanpl e of the Ci.10 aliphatic hydrocarbon group includes
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a Ci-10 chain aliphatic hydrocarbon group, a Gs.10 cyclic

al i phati c hydrocarbon group, and an organic group constructed
by binding 2 or nore and 5 or less of a Ci.10 chain aliphatic
hydr ocar bon group and a GCs.10 cyclic aliphatic hydrocarbon
group.

[ 0054]

The “Ci-10 chain aliphatic hydrocarbon group” neans a |inear
or branched saturated or unsaturated aliphatic hydrocarbon
group having the carbon nunber of 1 or nore and 10 or |less. An
exanpl e of the nonoval ent C.i0 chain aliphatic hydrocarbon
group includes a Ci-10 al kyl group, a G-.10 al kenyl group and a
C-10 al kynyl group.

[ 0055]

An exanpl e of the C.10 al kyl group includes nethyl, ethyl,
n- propyl, isopropyl, n-butyl, 1-methylpropyl, 2-nethyl propyl,
1, 1-di met hyl et hyl , 2, 2-di nmethyl ethyl, n-pentyl, n-hexyl, 2-
hexyl, 3-hexyl, 4-nethyl-2-pentyl, n-heptyl, n-octyl and n-
decyl. The Ci-10 al kyl group is preferably a CG.g al kyl group
and nore preferably a Ci6 al kyl group.

[ 0056]

An exanpl e of the G-.10 al kenyl group includes ethenyl
(vinyl), 1-propenyl, 2-propenyl (allyl), butenyl, hexenyl,
octenyl and decenyl. The .10 al kenyl group is preferably a G.
s al kenyl group and nore preferably a Cse al kenyl group.

[ 0057]

An exanpl e of the G.10 al kynyl group includes ethynyl,
propynyl, butynyl, hexynyl, octynyl and pentadecynyl. The C.10
al kynyl group is preferably C.g al kynyl group and nore
preferably C.e al kynyl group.

[ 0058]
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The “GCs.10 cyclic aliphatic hydrocarbon group” neans a
cyclic saturated or unsaturated aliphatic hydrocarbon group
havi ng the carbon nunber of 1 or nore and 10 or less. An
exanpl e of the nonoval ent GCs.10 cyclic aliphatic hydrocarbon
group includes a GCs.10 cycl oal kyl group, a Cs10 cycl oal kenyl
group and a C4.10 cycl oal kynyl group.

[ 0059]

An exanpl e of the organic group constructed by binding 2 or
more and 5 or less of the G.io chain aliphatic hydrocarbon
group and the Gs.10 cyclic aliphatic hydrocarbon group includes
a Cs.10 nonoval ent cyclic aliphatic hydrocarbon group - GCi-10
di val ent chain aliphatic hydrocarbon group, and a Ci-10
nonoval ent chain aliphatic hydrocarbon group - Cs.i10 di val ent
cyclic aliphatic hydrocarbon group - GCi.10 dival ent chain
al i phati c hydrocarbon group.

[ 0060]

The “GCs.12 aromati ¢ hydrocarbon group” neans an aromatic
hydr ocar bon group having the carbon nunber of 6 or nore and 12
or less. An exanple of the nonovalent GCs.12 aronatic
hydr ocar bon group includes phenyl, indenyl, naphthyl and
bi phenyl, and phenyl is preferred.

[ 0061]

The “heteroaryl group” neans a 5-nmenbered aromatic
het erocyclic group, a 6-nenbered aronatic heterocyclic group
and a condensed ring aromatic heterocyclic group having at
| east one hetero atom such as a nitrogen atom an oxygen atom
and a sul fur atom An exanple of the heteroaryl group includes
a nonoval ent 5-nmenbered aronatic heterocyclic group such as
pyrrolyl, imdazolyl, pyrazolyl, thienyl, furyl, oxazolyl,

I soxazolyl, thiazolyl, isothiazolyl and thiadiazolyl; a
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nonoval ent 6-nenbered aromati c heterocyclic group such as
pyridinyl, pyrazinyl, pyrimdinyl and pyridazinyl; and a
condensed ring aromatic heterocyclic group such as indolyl,
i soi ndol yl, quinolinyl, isoquinolinyl, benzofuranyl,

I sobenzof uranyl and chronenyl .

[ 0062]

An exanpl e of the “organic group constructed by binding 2
or nore and 5 or |less of the Ci.10 aliphatic hydrocarbon group
and the Gs.12 aromati c hydrocarbon group” includes a GCs.12
aromati ¢ hydrocarbon group - Ci.10 chain aliphatic hydrocarbon
group, a Ci-10 chain aliphatic hydrocarbon group - Gs.12 aromatic
hydr ocar bon group, a Ci-10 chain aliphatic hydrocarbon group -
Cs-12 aromati ¢ hydrocarbon group - Ci.10 chain aliphatic
hydr ocar bon group, and a Cs.12 aromati c hydrocarbon group - Ci-10
chain aliphatic hydrocarbon group - Cs.12 aromati c hydrocarbon
group. An exanple of the “organic group constructed by binding
2 or nore and 5 or less of the C.10 aliphatic hydrocarbon group
and the heteroaryl group” includes a heteroaryl group - Ci-10
chai n aliphatic hydrocarbon group, a C-10 chain aliphatic
hydr ocarbon group - heteroaryl group, a Ci.10 chain aliphatic
hydr ocarbon group - heteroaryl group - Ci.10 chain aliphatic
hydr ocar bon group, and a heteroaryl group - Ci.10 chain
al i phati c hydrocarbon group - heteroaryl group.

[ 0063]

An exanpl e of the substituent group that the Ci.10 aliphatic
hydr ocar bon group may optionally have includes one or nore
substituent groups selected fromthe group consisting of a
hal ogeno group, a nitro group and a cyano group, and a
hal ogeno group is preferred. An exanple of the substituent

group that the GCs.12 aromati c hydrocarbon group and the
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het eroaryl group may optionally have includes one or nore
substituent groups selected fromthe group consisting of a Cis
al kyl group, a Ci.¢ al koxy group, a hal ogeno group, a nitro
group and a cyano group, and a hal ogeno group is preferred. An
exanpl e of the hal ogeno group includes fluoro, chloro, brono
and iodo, and fluoro is preferred.

[ 0064]

An al cohol conpound may be classified into a fluorinated
al cohol conpound and a non-fluorinated al cohol conpound. The
fluorinated al cohol conpound indi spensably has a fluoro group
as a substituent group, and the non-fluorinated al coho
conmpound i s not substituted with a fluoro group. The hal ogeno
group that a non-fluorinated al cohol conmpound nmay optionally
have is one or nore hal ogeno groups sel ected from chl oro,
bronmo and i odo. The group “R” having a fluoro as substituent
group may be described as “Rx”.

[ 0065]

The “Ci.e al kyl group” neans a |linear or branched nonoval ent
saturated aliphatic hydrocarbon group having the carbon nunber
of 1 or nore and 6 or less. An exanple of the Ci.e al kyl group
i ncl udes nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, s-butyl, t-butyl, n-pentyl and n-hexyl. The Cis¢

al kyl group is preferably a Ci.4 al kyl group, nore preferably a
Ci-2 al kyl group and even nore preferably nethyl.

[ 0066]

The “Ci.¢ al koxy group” nmeans a |linear or branched
nonoval ent saturated aliphatic hydrocarbon oxy group having
the carbon nunber of 1 or nore and 6 or |less. An exanple of
the Ci.s al koxy group includes nethoxy, ethoxy, n-propoxy,

I sopropoxy, n-butoxy, isobutoxy, t-butoxy, n-pentoxy and n-
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nore preferably a Ci.» al koxy group and even nore preferably
nmet hoxy.

[ 0067]

The nonoval ent al cohol conmpound (1) may be a fluorinated
al cohol conpound. An exanple of the nonoval ent fluorinated
al cohol conpound (1) includes a fluorinated ethanol such as
di fl uoroet hanol and trifluoroethanol; a fluorinated propano
such as nonof | uor opropanol, difl uoropropanol,
trifluoropropanol, tetrafl uoropropanol, pentafl uoropropano
and hexaf | uor opropanol .

[ 0068]

An exanpl e of the dival ent organic group includes dival ent
organi ¢ groups derived fromthe exanples of the nonoval ent
organi c group. For exanple, the dival ent organic group derived
fromthe C.10 al kyl group, the C.i10 al kenyl group and the G-1o
al kynyl group as the nonoval ent organic group is a C.10 al kane-
diyl group, a CG.10 al kene-diyl group and a G.10 al kyne-di vyl
group.

[ 0069]

The dival ent organic group may be a dival ent (poly)alkyl ene
gl ycol group: -[-OR:-]n- wherein R is a Ci.g al kane-diy
group, and nis an integer of 1 or nore and 50 or |ess.

[ 0070]

In addition, an exanple of the dival ent al cohol conpound

(1'1) includes the follow ng dival ent al cohol conpound (I1-1):

[0071]
13 11
)
\ / R12\ y. (I-1)
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[0072]
wher ei n

Ri1 and R2 are independently H, a Ci.e al kyl group, a Cvs
fluoroal kyl group or a GCs.12 aromati c hydrocarbon group, or form
a Cs.e cycloal kyl group optionally having a C.s al kyl as a
substituent together with each ot her,

R13 and R4 are independently H a Ci.s al kyl group or a Gs.12
aromati ¢ hydrocarbon group, and when pl or p2 is an integer of
2 or nore, a plurality of Rl or R2 are the sane as or
different from each ot her

pl and p2 are independently integers of O or nore and 4 or
| ess.

[0073]

An exanpl e of the specific divalent non-fluorinated al coho
compound (I1-1) includes 2, 2-bis(4-hydroxyphenyl)propane, 1, 1-
bi s(4- hydr oxyphenyl ) - 1- phenyl et hane, 2, 2-bi s(4-
hydr oxyphenyl ) hexaf | uor opr opane, 2, 2-bi s(4-
hydr oxyphenyl ) but ane, bi s(4-hydroxyphenyl ) di phenyl net hane,

2, 2-bi s(3-net hyl - 4- hydr oxyphenyl ) propane, 1, 1-bi s(4-

hydr oxyphenyl ) et hane, bi s(4-hydroxyphenyl ) net hane and 2, 2-
bi s(4- hydr oxy- 3-i sopropyl phenyl ) propane, and 2, 2-bi s(4-
hydr oxyphenyl ) propane, i.e. Bisphenol A is preferred.

[ 0074]

The di val ent al cohol conpound (I11) nmay be a fluorinated
al cohol conpound. An exanple of such a divalent fluorinated
al cohol conpound (I11) includes fluorinated ethyl ene glycol; a
fluorinated propyl ene glycol such as nonofl uoropropyl ene
gl ycol and difl uoropropyl ene glycol; a fluorinated butanedi ol
such as nonof | uor obut anedi ol , difl uorobut anedi ol ,

trifluorobutanedi ol and tetrafl uorobutanediol; a fluorinated
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pent anedi ol such as nonof | uor opent anedi ol ,

di fl uoropent anedi ol , t
tetrafl uor opent anedi ol
hexaf | uor opent anedi ol ;
nmonof | uor ohexanedi ol ,
tetrafl uorohexanedi ol ,
hexaf | uor ohexanedi ol ,
oct af | uor ohexanedi ol ;
nonof | uor ohept anedi ol ,
trifluoroheptanediol,
pent af | uor ohept anedi o
hept af | uor ohept anedi o

nonaf | uor ohept anedi o

rifluoropentanedi ol ,

, pent af | uor opent anedi ol and

a fluorinated hexanedi ol such as
di f|l uor ohexanedi ol , trifluorohexanedi ol,
pent af | uor ohexanedi ol ,

hept af | uor ohexanedi ol and

a fluorinated heptanedi ol such as
di f|1 uor ohept anedi ol ,

tetrafl uor ohept anedi ol ,

, hexaf | uor ohept anedi ol ,

, octafl uorohept anedi ol ,

and decafl uoroheptanedi ol ; a fluorinated

oct anedi ol such as nonofl uorooct anedi ol , difl uorooct anedi ol ,

trifluorooctanediol, tetrafl uorooctanediol,

pent af | uor ooct anedi ol ,
hept af | uor ooct anedi ol ,
nonaf | uor ooct anedi ol ,
undecaf | uor ooct anedi o

fl uori nat ed nonanedi ol

hexaf | uor ooct anedi ol ,
oct af | uor ooct anedi ol ,
decaf | uor ooct anedi ol ,
and dodecaf | uorooctanediol; a

such as nonof | uorononanedi ol ,

di fl uorononanedi ol, trifl uorononanedi ol

tetrafl uorononanedi ol ,
hexaf | uor ononanedi ol ,
oct af | uor ononanedi ol ,
decaf | uor ononanedi ol ,

dodecaf | uor ononanedi ol

pent af | uor ononanedi ol ,
hept af | uor ononanedi ol ,
nonaf | uor ononanedi ol ,
undecaf | uor ononanedi ol ,

, tridecafl uorononanedi ol and

t et radecaf | uorononanedi ol ; a fluori nated decanedi ol such as

nonof | uor odecanedi ol ,
tetrafl uorodecanedi ol ,

hexaf | uor odecanedi ol ,

di fl uorodecanedi ol, trifl uorodecanedi ol
pent af | uor odecanedi ol ,

hept af | uor odecanedi ol ,
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oct af | uor odecanedi ol , nonaf| uor odecanedi ol ,

decaf | uor odecanedi ol , undecaf| uor odecanedi ol ,
dodecaf | uor odecanedi ol , tridecafl uorodecanedi ol ,

t et radecaf | uor odecanedi ol , pent adecaf| uor odecanedi ol and
hexadecaf | uor odecanedi ol ; a fluorinated pol yet hyl ene glyco
such as fluorinated diethylene glycol, fluorinated triethyl ene
gl ycol, fluorinated tetraethylene glycol, fluorinated
pent aet hyl ene gl ycol and fluorinated hexaet hyl ene gl ycol.

[ 0075]

The usage anmount of the al cohol conpound may be
appropriately adjusted as long as the reaction successfully
proceeds. For exanple, 1 or nore nolar ratio of the dival ent
al cohol conpound to the produced carbonyl halide nay be used,
and 2 or nore nolar ratio of the nonoval ent al cohol conpound
may be used to the produced carbonyl halide. A carbonate
conmpound can be produced by using excessive anount of the
al cohol conpound nore efficiently. Since the yield of the
carbonyl halide to the used hal ogenated nethane i s not
constant, the nolar ratio of the divalent al cohol conpound to
t he hal ogenated nethane is preferably adjusted to 1 or nore
and the nolar ratio of the nonoval ent al cohol compound to the
hal ogenat ed nethane is preferably adjusted to 2 or nore. The
nol ar ratio of the divalent alcohol is preferably 1.5 or nore,
nore preferably 2 or nore, and preferably 10 or |l ess, nore
preferably 5 or less. The nolar ratio of the nonoval ent
al cohol is preferably 2 or nore, nore preferably 4 or nore,
and preferably 20 or |less, nore preferably 10 or | ess.

[ 0076]
A base may be used for accelerating the reaction of the

carbonyl halide and the al cohol conpound. A base is classified
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into an i norgani c base and an organi c base. An exanple of the
i norgani ¢ base includes a carbonate salt of an alkali netal,
such as |ithium carbonate, sodium carbonate, potassium
carbonate and cesi um carbonate; a carbonate salt of a Goup 2
netal, such as nmgnesi um car bonate, cal cium carbonate and

bari um carbonate; a hydrogencarbonate salt of an al kali netal,
such as |ithium hydrogencarbonate, sodi um hydrogencarbonat e,
pot assi um hydr ogencar bonat e and cesi um hydrogencarbonate; a
hydr oxi de of an al kali netal, such as |ithium hydroxide,

sodi um hydr oxi de and pot assi um hydroxi de; a hydroxi de of a
Goup 2 netal, such as magnesi um hydr oxi de and cal ci um
hydroxi de; a fluoride salt of an alkali netal, such as |ithium
fluoride, sodiumfluoride, potassiumfluoride and cesium
fluoride. A carbonate salt or a hydrogencarbonate salt of an
alkali nmetal or a Goup 2 netal is preferred due to | ow
noi st ure absorbency and | ow del i quescency, and a carbonate
salt of an alkali netal is nore preferred. For exanple, a
tri(Cw-4 al kyl)am ne such as trinethylamne, triethylamne and
di i sopropyl ethylam ne; a tert-butoxide of an al kali netal,
such as sodiumtert-butoxide and potassiumtert-butoxide; a
non- nucl eophi I i ¢ organi c base such as di azabi cycl oundecene,
l'ithiumdiisopropylamde, lithiumtetramethyl piperidine, 1,4-
di azabi cycl o[ 2. 2. 2] oct ane (DABCO, 1,5, 7-
triazabicycl o[ 4. 4. 0] dec-5-ene (TBD), 7-nethyl-1,5,7-
triazabi cycl o[ 4. 4. 0] dec-5-ene (MIBD), 1, 8-

di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU), 1, 5-

di azabi cycl o[ 4. 3. 0] non-5-ene (DBN), 1,1, 3, 3-

t et ramet hyl guani di ne (TM5 and N-net hyl nor phol i ne can be used
as an organic base in terns of lowreactivity with the product

by the photoreaction of tetrahal oethylene. Al so, |ow
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nucl eophilic organi c base such as pyridine and |utidine may be
used.
[ 0077]

A hydrogen halide such as hydrogen chloride is produced as
a by-product during an oxidative photodeconposition reaction
of a hal ogenat ed net hane and the reaction of a carbonyl halide
and an al cohol conpound. A base is useful for capturing such a
hydrogen halide. But when a reaction tube having a smal
di aneter, such as a coil reaction device denonstrated in
Figure 2 and Figure 4, is used, a salt of a hydrogen halide
and a base may precipitate and thus the reaction tube may
becone cl ogged in sone cases. The base of which salt with a
hydrogen halide is an ionic liquid is preferably used in such
a case. An exanple of the base includes an organi c base such
as an imdazole derivative, for exanple, 1-nethylimdazole. 1In
addi tion, the base of which hydrochloride salt has a
relatively low nelting point, such as pyridine, nmay be used.

[ 0078]

The usage anount of the base nay be appropriately adjusted
as long as the reaction successfully proceeds, and for
exanpl e, the usage anount to 1 nol of the hal ogenated net hane
may be adjusted to 1 nol or nore and 10 nol or |ess.

[ 0079]

For exanple, the base may be added to the al cohol conpound,
or the base may be continuously supplied with the al coho
compound.

[ 0080]

When the carbonyl halide and the al cohol conpound are

reacted, a solvent may be used. For exanple, a solvent nay be

added to the conposition containing the al cohol conmpound. An
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exanpl e of the solvent includes a ketone solvent such as
acetone, nethyl ethyl ketone, nethyl isobutyl ketone and
cycl ohexanone; an ester solvent such as ethyl acetate; an
al i phati c hydrocarbon sol vent such as n-hexane; an aromatic
hydr ocar bon sol vent such as benzene, toluene, xylene and
benzonitrile; an ether solvent such as diethyl ether,
tetrahydrofuran and di oxane; a nitrile solvent such as
acetonitrile; and a hal ogenated hydrocarbon sol vent such as
di chl or omret hane and chl orof orm

[ 0081]

The tenperature for reacting the carbonyl halide and the
al cohol conpound is not particularly restricted and nay be
appropriately adjusted. For exanple, the tenperature nay be
adjusted to 0°C or higher and 250°C or lower. The tenperature
is nore preferably 10°C or higher, even nore preferably 20°C
or higher, and nore preferably 200°C or | ower or 150°C or
| oner, even nore preferably 100°C or |ower or 80°C or | ower.
When the base is not used or the base is used to further
accel erate the reaction, the tenperature may be adjusted to be
relatively higher, for exanple, 50°C or higher or 100°C or
hi gher .

[ 0082]

The tinme to react the carbonyl halide and the al coho
conpound is not particularly restricted and may be
appropriately adjusted. For exanple, the tinme is preferably
0.5 hours or nore and 50 hours or less. The reaction tinme is
nore preferably 1 hour or nore, even nore preferably 5 hours
or nore, and nore preferably 30 hour or |ess, even nore
preferably 20 hours or |less. For exanple, even after the

production of the carbonyl halide is finished, the reaction
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m xture may be continuously stirred until the consunption of
t he al cohol compound is confirned.
[ 0083]

When t he nonoval ent al cohol conpound (1) is used, the chain
car bonat e conpound represented by the following formula (111)
i's produced by the reaction of the carbonyl halide and the
al cohol conpound. When the dival ent al cohol conpound (Il) is
used, the polycarbonate conpound conprising the unit
represented by the following forrmula (IV-1) or the cyclic
car bonat e conpound represented by the following fornula (1V-2)
i s produced. Wen the dival ent al cohol conpound (11) is used,
whet her the pol ycarbonate conmpound (IV-1) is produced or the
cyclic carbonate conpound (1V-2) is produced and the
production ratio thereof are mainly dependent on the distance
bet ween two hydroxy groups and the flexibility of the chem ca
structure of the dival ent al cohol conpound (11) and may be
specifically determ ned by a prelimnary experinent or the
li ke.

RI-O-C(=O-OR (I11)
[-A-R-A-C(=0-] (IV-1)
[ 0084]

@)

A\

Ck\Ri}) (1vV-2)
[ 0085]
4. Post-reaction step — Production of hal ogenated formc acid
ester
A hal ogenated formc acid ester can be produced by

adjusting the nolar ratio of the al cohol conpound to the
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hal ogenat ed nethane to less than 1 without using a base in the
above-descri bed nethod for producing a carbonate conpound. The
nolar ratio is preferably 0.9 or less and nore preferably 0.8
or | ess. The above-described nonoval ent al cohol conpound (1)
may be used as the al cohol conmpound. A hal ogenated formc acid
fluorinated ester can be produced fromthe fluorinated
nonoval ent al cohol conpound (1), and a hal ogenated form c acid
non-fl uori nated ester can be produced fromthe non-fluorinated
nonoval ent al cohol conpound (I).
[ 0086]

5. Post-reaction step — Production of isocyanate conpound

An i socyanate conmpound can be produced by reacting the
carbonyl halide and a prinmary am ne conpound. An isocyanate
compound is useful as a raw material of a carbanmate conpound,
a urethane conmpound or the like. A primary am ne conmpound may
be used in place of the al cohol conpound in the above-
descri bed nethod for producing a carbonate conpound except for
the follow ng points as the reaction enbodi nent.

[ 0087]

A primary am ne conpound is not particularly restricted as
| ong as the conpound has 1 or nore am no groups (-NH groups).
An exanpl e of the primary am ne conpound includes the primry
am ne conpound (V): R-(NH)m wherein RR is a mvalent organic
group, and mis integer of 1 or nore and 6 or |ess, preferably
5 or less, 4 or less or 3 or less, nore preferably 1 or 2, and
even nore preferably 2.

[ 0088]

An exanpl e of a nonoval ent organi c group anong the organic

group R® includes the sane group as the nonoval ent organic

group R in the above-described nethod for producing a
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carbonate conmpound. An exanple of a dival ent organic group

i ncludes the sanme group as the divalent organic group RZ. An
exanple of a tri or nore-valent organic group includes a tri

or nore-val ent organic group derived fromthe exanples of the
nonoval ent organic group RL. For exanple, a trivalent organic
group derived froma Ci.10 al kyl group, a &-10 al keny group and
a C.10 al kynyl group as a nonoval ent organic group is a Ci-10

al kane triyl group, a CG.10 al kene triyl group and a G-10 al kyne
triyl group.

[ 0089]

The i socyanate conpound (VI): R3-(N=C=Om can be produced by
reacting the carbonyl halide and the primry am ne conpound
(V). The produced R3-(N=C=Om nay be possibly reacted with the
primary am ne conpound (V) to produce a urea conpound: R3-[NH
C(=O-NHR]m and it is preferred to inhibit the reaction that
the nolar ratio of the primary am ne conpound (V) to the
hal ogenated nethane is adjusted to 1 or less, a salt is used
as the primary am ne conpound (V), or a base is not used. 1In
addi tion, an isocyanate conpound can be efficiently produced
by the follow ng condition: the produced carbonyl halide is
di ssolved in a solvent to prepare a carbonyl halide solution,
and the nolar ratio of the carbonyl halide to the prinmary
am ne conpound (V) is nmaintained at nore than 1 by adding the
primary am ne conpound (V) or a solution thereof to the
carbonyl halide sol ution.

[ 0090]

When the target conpound is an isocyanate conpound, the
nolar ratio of the primary am ne conpound (V) to the produced
carbonyl halide is preferably adjusted to 1 or less. Since it

may be difficult in sonme cases to predict the accurate anount
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of the produced carbonyl halide, the nolar ratio of the
primary am ne conpound (V) to the used hal ogenated net hane is
preferably adjusted to less than 1. The nolar ratio is
preferably 0.5 or less, nore preferably 0.2 or less, and
preferably 0.001 or nore, nore preferably 0.05 or nore. Wen
the target conpound is a urea conpound, the ratio is
preferably 2 or nore, nore preferably 4 or nore, and
preferably 20 or |l ess, nore preferably 15 or |ess.

[ 0091]

When the target conpound is an isocyanate conpound, a salt
as the primary am ne conpound (V) is used, since an isocyanate
conpound is hardly reacted with an am ne salt. An exanple such
a salt includes an inorganic acid salt such as hydrochl oride
salt, hydrobrom de salt, hydroiodide salt, sulfate salt,
nitrate salt, perchlorate salt and phosphate salt; and an
organic salt such as oxal ate salt, malonate salt, naleate
salt, fumarate, lactate salt, malate salt, citrate salt,
tartrate salt, benzoate salt, trifluoroacetate salt, acetate
salt, nethanesul fonate salt, p-toluenesulfonate salt and
trifluoronethanesul fonate salt.

[ 0092]

The tenperature for the reaction of the carbonyl halide and
the primary am ne conpound is preferably adjusted to be | ower
than the tenperature for the reaction wth the al coho
conmpound in order to maintain the liquid state of the carbonyl
hal i de. For exanple, the tenperature is preferably adjusted to
15°C or lower, and is preferably 10°C or | ower, nore
preferably 5°C or | ower and even nore preferably 2°C or | ower.

The lower |imt of the tenperature is not particularly

39



10

15

20

25

30

restricted, and the tenperature is preferably -80°C or higher
and nore preferably -20°C or higher or -15°C or higher.
[ 0093]

When the target conpound is an isocyanate conpound and a
base is used, the base is preferably 1 or nore bases sel ected
froma heterocyclic aromati c am ne and a non-nucl eophilic
strong base. The heterocyclic aronmati c am ne neans a conpound
that contains at | east one hetero ring and at | east one am ne
functional group other than -NH. An exanple of the
het erocyclic aromati ¢ am ne includes pyridine and a derivative
thereof, such as pyridine, o-picoline, PB-picoline, y-picoline,
2,3-lutidine, 2,4-lutidine, 2,6-lutidine, 3,5-lutidine, 2-
chl oropyri dine, 3-chloropyridine, 4-chloropyridine, 2,4,6-
trimethyl pyridi ne and 4-di net hyl am nopyri di ne.

[ 0094]

The “non-nucl eophilic organi c base” neans a base in which
the nucl eophilicity of the lone electron pair on the nitrogen
atomis weak due to a steric hindrance but of which basicity
Is strong. An exanple of the non-nucl eophilic organic base
i ncludes triethylam ne, N, N-diisopropylethyl am ne,
tripropylam ne, triisopropylamne, tributylam ne,
tripentylam ne, trihexylamne, triheptylam ne, trioctylam ne,
tridecylam ne, tridodecylam ne, triphenyl am ne,
tribenzyl am ne, N, N-diisopropylethylamne, 1,5,7-
triazabicycl o[ 4. 4. 0] dec-5-ene (TBD), 7-nethyl-1,5,7-
triazabi cycl o[ 4. 4. 0] dec-5-ene (MIBD), 1, 8-

di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU), 1, 5-
di azabi cycl o[ 4. 3. 0] non-5-ene (DBN) and 1,1, 3, 3-
tetranet hyl guanidine (TM5. |In addition, a base of which

basicity is relatively high my be used. For exanple, TBD
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(pKew: 25.98), MIBD (pKew: 25.44), DBU (pKsw: 24.33), DBN
(pKen+: 23.89) and TMG (pKew: 23.30) can be used as a base of
whi ch basicity (pKew) in acetonitrile is 20 or nore.

[ 0095]

In addition, a versatile organic am ne such as
trimethyl am ne, dinethyl ethyl am ne, diethyl nmethylam ne, N
et hyl - N- et hyl butyl am ne and 1-net hyl pyrrolidine can be used
as the base.

[ 0096]

When the target conpound is a urea conpound, the nolar
ratio of the primary am ne conpound to the hal ogenated nethane
or the produced carbonyl halide is preferably adjusted to nore
than 1. The nolar ratio is preferably 1.5 or nore and nore
preferably 2 or nore.

[ 0097]
6. Post-reaction step — Production of NCA

An am no aci d-N-carboxylic anhydride (VI11) (NCA) can be
produced by using the am no acid conmpound (VII) in place of
t he al cohol conmpound in the above-described nethod for

produci ng a carbonate conpound.

[ 0098]
@)

R  _CO.H R?

@)

NH ( VIT ) N\< ( VIIT )
5~ /

R R5 O
[ 0099]
wher ei n

R* is an amno acid side chain group wherein a reactive

group is protected,
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Ris Hor PL-[-NHCHR-C(=0)-]i1- wherein R is an am no acid
side chain group wherein a reactive group is protected, Pl is a
protective group of the amno group, | is an integer of 1 or
nore, and when | is an integer of 2 or nore, a plurality of R6
may be the sane as or different from each other.

[ 0100]
7. Post-reaction step — Production of Vilsneier reagent

A Vil sneier reagent (X) can be produced by reacting the
carbonyl halide and the am de conpound (I X). A Vilsneier
reagent can be produced simlarly to the above-descri bed
nmet hod for producing a carbonate conpound except that the
am de conpound (I X) is used in place of the al cohol conpound

and a base i s not used.

[0101]
o) R _X
R7JLN,R8 jl\; Y
"R® (IX) R “R® (X)
[ 0102]
wherein

R” is a hydrogen atom a Ci.e al kyl group or an optionally
substituted GCs.12 aromati c hydrocarbon group,

Ré and R° are independently a C.e al kyl group or an
optionally substituted Cs.12 aromati ¢ hydrocarbon group, or Re
and RR. may forma 4 or nore and 7 or |ess-nenbered ring
structure together with each other,

X is a hal ogeno group selected fromthe group consisting of
chl oro, brono and i odo,

Y- is a counter anion.

[0103]

The substituent group that the GCs.12 aromati ¢ hydrocar bon
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group may optionally have is not particularly restricted as

| ong as the substituent group does not inhibit the reaction of
the present invention, and is exenplified by 1 or nore
substituent groups selected fromthe group consisting of a Cis
al kyl group, a Ci-s al koxy group, a hal ogeno group, a nitro
group and a cyano group. The nunber of the substituent group
is not particularly restricted as long as the Gs.12 aromatic
hydr ocar bon group can be substituted and may be 1 or nore and
5 or less. The nunber is preferably 3 or less, nore preferably
2 or less, and even nore preferably 1. Wen the substituent
group nunber is 2 or nore, the substituent groups may be the
sane as or different fromeach other

[ 0104]

An exanple of the 4 or nore and 7 or |ess-nenbered ring
structure that is forned by R, R° and the nitrogen atom
together with each other includes a pyrrolidyl group, a
pi peridyl group and a norpholino group.

[ 0105]

An exanpl e of the specific am de conpound (I X) includes
N, N-di net hyl f ormam de (DMF), N, N-di net hyl acetam de (DVRA), N
nmet hyl - N- phenyl f or mam de, N-net hyl pyrrolidone (NW), 1, 3-

di met hyl i m dazol i di none (DM), tetranethylurea, tetraethylurea
and tetrabutylurea, and DVF is preferred in terns of
versatility and cost.

[0106]

The Y- in the formula (X) is not particularly restricted
and is exenplified by a chloride ion, a bromde ion and an
i odi de ion.

[0107]

The usage anount of the am de conpound may be appropriately

43



10

15

20

25

30

adjusted as |long as the reaction successfully proceeds. For
exanpl e, the usage anobunt to 1 nL of the hal ogenated nethane
may be adjusted to 0.1 nol or nore and 100 nol or |ess.

[ 0108]

When the carbonyl halide and the am de conpound are
reacted, a solvent may be used. For exanple, a solvent is
m xed in a conposition containing the am de conpound. An
exanpl e of the solvent includes a ketone solvent such as
acetone, nethyl ethyl ketone, nethyl isobutyl ketone and
cycl ohexanone; an ester solvent such as ethyl acetate; an
al i phatic hydrocarbon sol vent such as n-hexane; an aromatic
hydr ocar bon sol vent such as benzene, toluene, xylene and
benzonitrile; an ether solvent such as diethyl ether,
tetrahydrofuran and di oxane; and a nitrile solvent such as
acetonitrile.

[ 0109]

The tenperature for reacting the carbonyl halide and the
am de conpound is not particularly restricted and may be
appropriately adjusted. For exanple, the tenperature nay be
adjusted to 0°C or higher and 120°C or lower. The tenperature
is nmore preferably 10°C or higher, even nore preferably 20°C
or higher, and nore preferably 100°C or | ower, even nore
preferably 80°C or |ower or 50°C or | ower.

[0110]

The tinme to react the carbonyl halide and the am de conpound

is not particularly restricted and nay be appropriately

adj usted. For exanple, the time is preferably 0.5 hours or
nore and 50 hours or less. The reaction tinme is nore
preferably 1 hour or nore, even nore preferably 5 hours or

nore, and nore preferably 30 hour or |ess, even nore
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preferably 20 hours or |less. For exanple, even after the
production of the carbonyl halide is finished, the reaction
m xture may be continuously stirred until the consunption of
t he am de conpound is confirned.

[0111]

The Vil snei er-Haack reaction using a Vil sneier reagent
allows the fornylation or ketonization of an aromatic conpound
having an active group. In addition, it has been known that
t he carboxy group of a carboxylic acid conpound can be
transforned to a halofornyl group by a Vilsneier reagent.
Furthernore, a formc acid ester can be produced by reacting a
Vil smei er reagent and a hydroxy group-contai ning conpound.
[0112]

An aromatic conmpound having an active group nmeans an
aromati ¢ conmpound activated by a substituent group or the
i ke. The aromatic conpound is hereinafter described as an
“active aromatic conpound”. For exanple, a hydroxy group and
an am no group such as an al kyl am no group substituted by an
al kyl group strongly activate an aromati c conpound. In
addi tion, an al kyl carbonyl anmi no group (-N(C=OR), an
al kyl car bonyl oxy group (-Q(C=OR), an ether group (-OR), an
al kyl group (-R) (Ris an alkyl group and is preferably a Cis
al kyl group) and an aromatic group activate an aromatic
conpound. The substituent groups are hereinafter referred to
as an activating group. In addition, a conpound that is
constructed by condensing aromatic rings and of which
conj ugated systemis extended, such as anthracene, is also
activated and can be subjected to fornylation or ketonization

by a Vilsneier reagent. The pi electron at the activated part
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may be electrophilically reacted with a Vilsneier reagent to
be subjected to fornylation or ketonization.
[0113]

The active aromatic conmpound is not particularly restricted
as long as the active aromati c conmpound is activated and can
be subjected to fornylation or ketonization by a Vil sneier
reagent. An exanple of the active aromatic conpound includes a
Cs-10 aromati ¢ hydrocarbon, such as benzene and napht hal ene,
that may be substituted with the above-described activating
group; a condensed aromati c hydrocarbon, such as phenant hrene
and ant hracene, that may be substituted with the above-
descri bed activating group; a 5-nmenbered heteroaryl, such as
pyrrol, im dazole, pyrazole, thiophen, furan, oxazole,

i soxazol e, thiazole, isothiazole and thiadiazole, that nay be
substituted with the above-descri bed activating group; a 6-
menbered heteroaryl, such as pyridine, pyrazine, pyrimdine
and pyridazine, that may be substituted with the above-

descri bed activating group; a condensed heteroaryl, such as

i ndol e, isoindole, quinoline, isoquinoline, benzofuran,

i sobenzofuran and chronene, that nay be substituted with the
above-descri bed activating group. Though it has not been
reported that unsubstituted furan and thi ophen are subjected
to fornylation or ketonization by conventional Vilsneier-Haack
reaction, the fornylation or ketonization at the carbon

adj acent to a hetero elenent is possible by the present

i nvention method.

[0114]

An activating group-containing aromatic conpound, a
carboxylic acid conpound and a hydroxy group-containi ng

conpound as a substrate conpound of the above-descri bed
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reaction nmay be added to the reaction m xture after the
carbonyl halide-containing gas is blown into the conposition
cont ai ni ng the am de conpound, or added to the reaction

m xture before or while the carbonyl halide-containing gas is
bl own into the conposition containing the am de conpound.
[0115]

The usage anount of the activating group-containing
aromati ¢ conmpound, the carboxylic acid conpound and the
hydr oxy group-contai ni ng conpound may be appropriately
adj usted, and nay be adjusted to, for exanple, 0.1 tinmes or
nore by nole and 1.0 tinme or less by nole to the am de
conpound.

[0116]

A Vil sneier reagent is useful for producing a carboxylic
acid halide froma carboxylic acid conmpound. A Vilsneier
reagent becones an ani de conpound after the Vilsneier reagent
hal ogenates a carboxylic acid conpound. An ester conpound can
be produced by reacting the produced carboxylic acid halide
wi th an al cohol conpound, and a carboxylic anhydri de can be
produced by reacting the produced carboxylic acid halide with
a carboxylic acid. Wen a carboxylic acid conpound and a base
are used in place of the am de conpound, the carboxylic acid
conpound may be ani oni zed by the base and then the anionized
car boxyl ate conpound may be directly transforned to a
carboxylic acid halide by the carbonyl halide. Such a
carboxylic acid halide can be al so used for producing an ester
compound and a carboxylic anhydri de.

[0117]
8. Post-treatnent step

Since many carbonyl halides are toxic, the produced
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carbonyl halide is not preferably | eaked out of the reaction
system For exanple, it is preferred that the gas phase

di scharged fromthe reaction vessel for the reaction of the
produced carbonyl halide is supplied into an al cohol trap, and
t he gas phase discharged fromthe al cohol trap is further
supplied into an alkali trap as denonstrated in Figures 1 to
6. The al cohol trap nay be cooled as |ong as the al cohol to be
used i s not coagul ated. For exanple, the al cohol trap may be
cooled to -80°C or higher and 50°C or lower. 1In addition, for
exanpl e, a sodi um hydroxi de aqueous sol ution and a saturated
sodi um hydr ogencar bonat e aqueous sol ution may be used for the
al kali trap.

[0118]

When the conpound produced fromthe carbonyl halide is
relatively unstabl e conpound such as an isocyanate conpound,
further a reactive substrate conpound nmay be added to the
reaction mxture after the carbonyl halide is reacted. Wen
t he conpound produced fromthe carbonyl halide is relatively
st abl e conpound such as a carbonate conpound, the target
compound nmay be purified fromthe reaction m xture. For
exanpl e, water and a water-insol uble organic solvent such as
chl orof orm are added to the reaction m xture, the aqueous
phase and the organi c phase are separated, the organic phase
is dried over anhydrous sodium sul fate or anhydrous nagnesi um
sul fate and then concentrated under reduced pressure, and the
target conpound may be purified by chronmatography or the |ike.
[0119]

The present application clains the benefit of the priority
date of Japanese patent application No. 2021-21001 filed on

February 12, 2021. Al of the contents of the Japanese patent
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application No. 2021-21001 filed on February 12, 2021, are

i ncorporated by reference herein.

EXAVPLES
[ 0120]

Herei nafter, the exanples are described to denonstrate the
present invention nore specifically, but the present invention
is in no way restricted by the exanples, and the exanpl es can
be appropriately nodified to be carried out within a range
that adapts to the contents of this specification. Such a
nodi fied exanple is also included in the range of the present
I nvention.

[0121]
Exanpl e 1: Production of phosgene

cHel, 102

O O

v +
//\\V/A\OFI-——————+ nC4H9\O/ﬂ\C| nC4H9\O/ﬂ\O/nC4H9

A gas phase photoreacti on was conducted using the

phot oreacti on system schematically denonstrated in Figure 1.
Specifically, a |ow pressure nercury |lanp ("SuUv40D'
manufactured by SEN Light, 40 W, ¢22.3x380 mm, wavelength:
185-600 nm peak wavel ength: 184.9 nm and 253.7 nn) was
inserted in a quartz gl ass jacket having a dianeter of 30 mm x
a length of 320 nm and 12 quartz tubes having an inner
dianeter of 2.1 nmm a length of 320 nm and a vol une of 1.033
nm. were placed around the quartz glass jacket to prepare the
cylindrical flow photoreaction device 4. The total volune
containing the joint parts of the cylindrical flow

phot oreaction device 4 was 13.3 nL. The illumnnation intensity
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of the light having the wavel ength of 185 nmat the position 5
nm away fromthe center of the | ow pressure nercury |anp was
3.93 nWcn?, and the illumnation intensity of the |ight having
t he wavel ength of 254 nmwas 11.02 nW cn?.

Li qui d chl orof orm was supplied into a PTFE tube having the
i nner dianeter of 1 nmat the flow anmount shown in Table 1
usi ng the syringe punp 1 and vaporized using a heater heated
to the tenperature shown in Table 1. The vaporized chl orof orm
was m xed with oxygen gas of which flow anbunt was adjusted by
the mass flow controller 2, and the m xed gas was supplied to
the fl ow photoreaction device 4. The pressure inside of the
fl ow phot oreacti on devi ce was adjusted using the back pressure
regul ator 5 attached to the outlet of the flow photoreaction
device. The injected chloroformwas vaporized and was mn xed
wi th oxygen gas, and the m xed gas was flowed at the heater
tenperature. Each of the maxinumgas flow rate of the
vapori zed chl orof orm and the oxygen gas, and the |inear
velocity and the residence tinme of the m xed gas were
cal cul ated as Table 1.

The gas produced by the oxidative photodeconposition of the
m xed gas of chlorof orm gas and oxygen was blown into a
sufficient anmount of stirred 1-butanol in the connected
reaction vessel 6 at the atnospheric tenperature for 2 to 6
hours. The unreacted gas was trapped by 1-butanol in the
connected trap vessel 7, and the further unreacted gas was
treated by supplying into a connected alkali trap so that a
toxi ¢ gas was not |eaked outsi de.

In addition, a simlar experinment was conducted except that
an air pump (“Nisso air pump silent B-60” manufactured by

Mar ukan) was used and the air dried by a desiccant (“Silica
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Medi um G anul ar,

Bl ue”

Chem cal) was used in place of oxygen.

After the reaction,

vessel

6 and the trap vessel

the reaction m xtures

manuf act ured by FUJI FI LM Wako Pure

in the reaction

7 were analyzed by IH NVMR to

neasure the conversion ratios to the produced chloroformc

acid ester

phosgene was cal cul ated fromthe total

result

the used chloroformin Table 1.

i S shown

and car bonat e,

in Table 1.

and the anmount of the produced

conversion rati os.

The

The phosgene yield is the yield to

[0122]

Table 1

I nj ected O—:?OBW Heat er Max gas flow rate - nel\:rxedRegsa:sdence ph‘l(')ostga‘(elne Pho_sgene Unr eact ed

Amount rate temp. RASE © velocity tinme anmount yield s
A L, L S
LA A
(28.2m0)) ntimn YOC wimn nmn  mmn ST gmi 9% N

I njected O—:?OBW Heat er Max gas fl ow.rate - nel\:rxedRegsa:sdence phlostge:elne Phqsgene Unr eact ed

Amount rate tenp. GHa 5 AT vel ocity tinme anount yield ad s
e W e 22T BT T e 58 o o
S A LA S
(26.9mo) mimn ®CC wmn niimn  mmn 5% oy 9% 10%

* :Unneasur ed,

[ 0123]

ND:Not det ect ed

A gas phase fl ow photoreacti on was conducted by heating

chl orof orm at 80°C using a coi

m xi ng the vaporized chl orof orm w th oxygen gas;

heater for vaporization and

as a result,

phosgene coul d be produced fromchloroformw th the conversion

ratio of 78% as the above-descri bed result.

The tenperature of the coi

90°C and the flow anmount of oxygen was i ncreased,

heat er was further

i ncreased to

as a result,

phosgene coul d be produced fromchloroformw th the conversion

rati o of 92% and unreacted chloroformof 5.7%

about 2% may be hexachl or oet hane produced by the
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phot odeconposition of chloroformas a side product and
phot odeconposed products of phosgene, such as C, CO and d .

When the tenperature of the coil heater was further
increased to 170°C, the yield was increased.

When dried air was used in place of oxygen, phosgene coul d
be produced with high yield but the yield anount was decreased
in conparison with the case of using oxygen. Wen the anpunt
of the injected air was increased, unreacted chl orof orm was
sonmewhat i ncreased.

[ 0124]
Exanpl e 2: Experinent of gas flow anpunt

It was exam ned whet her a phosgene yield was changed or not
by a light irradiation tine simlarly to Exanple 1 except that
the gas flow rates of chloroformand oxygen were changed and
thus the residence tine in the fl ow photoreacti on device was

changed. The result is shown in Table 2.

[ 0125]
Table 2
) MBx gas
I njected CHG
) ®  Heater flowrate Mxed gas ph-l;cg[ga(;ne Phosgene Unreact ed
Arount Flow tenp oHd S o Linear Residence " . o/, yield 3
rate vel ocity tine
11. 069 0.02 7.4 12. 4 5.8 85. 21 o
(92. 65mml) i/ min mUnmin nl/min  minin 40s mol 92% 5. 7%
5. 94¢ 0.01 3.7 6.2 2.9 41. 4 o o
(49.8mol) ni/min 90°C ni/min ni/min  mmin 81s ol 83% 0. 6%
3. 04q 0. 005 1.8 3.1 1.4 20. 52 o o
(25.5mmol) i/ nin mU/nin nl/mn  minin 163s ol 80% 0%

[ 0126]

It can be found that the anpunt of unreacted chloroformis
decreased and the anount of produced phosgene is decreased
with the increase of the residence tinme in the flow
phot oreacti on device as the above-described result. The
produced phosgene nay be deconposed but is not dramatically

decreased and the above-descri bed phosgene yield is
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sufficiently practicable. Thus, the present invention system
may have a function that inhibits the photodeconposition of
t he produced phosgene. For exanple, since oxygen gas has a
| i ght absorption band in 100 to 250 nm excessive high energy
| i ght nmay be absorbed by oxygen and thus the deconposition of
t he produced phosgene may be i nhi bited.
[0127]

Exanpl e 3: Synthesis of isocyanate by light flow system

CHClI, v, Oz

/\/\/\NH3+CI- y___ /\/\/\N=C=O

A solution (20 nL) of hexylam ne hydrochloride (1.38 g, 10
nmmol) in 1,1,2,2-tetrachl oroet hane was used in place of 1-
butanol in the condition of Exanple 1 in which 11.06 g (92.7
nmol ) of chl orof ormwas used and the tenperature of the coi
heater was adjusted to 90°C, the solution was heated to 100°C
and stirred, and the gas produced in the fl ow photoreaction
device was blown into the solution. D chloronethane was added
to the reaction mxture as an internal standard material after
the reaction, and the m xture was anal yzed by H NVR, as a
result, it was confirnmed that hexyl isocyanate was produced as
the target conmpound with the yield of 83%

[ 0128]

Exanpl e 4: Synthesis of isocyanate by light flow system

hV, 02
CHCl; ——=—

CrHﬁ«KCH§4CFﬂ4\CH/NHJCF —+—— OCN__  (CFy),__ , NCO
2

The gas produced by the flow photoreaction device of the
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phot oreacti on system schematically denonstrated in Figure 1 in
the conditions shown in Table 3 was blown into the chl orof orm
suspension (30 nm.) of 2,2,3,3,4,4,5,5-octafl uorohexane-1, 6-
di am ne di hydrochloride (0.34 g, 1.0 mmol) for 3.5 hours, and
5 then the mxture was stirred at 0°C. Into the reaction
m xture, 2,6-lutidine (0.58 nL, 5 mmobl) was injected for 1
hour using a syringe punp. The m xture was heated to 50°C and
stirred for 1 hour.
The reaction m xture was anal yzed by 1H NVR after the
10 reaction; as a result, it was confirned that the target
conpound was produced with the yield of >99%to the raw

mat eri al di am ne conpound.

[0129]
Table 3
Max gas flow rate __ Mxed gas Phot or eact i on I socyanat e
CcHd , o Linear Residence tenp Base yield
CHO vel ocity tinme
7.4 12.4 i di
6.219 . . Luti di ne
nL/mn n/ mn 5. 8 40s 90°C >99%
(0.25 (0.45 mmin
(52. Omol ) : : Sl
mol / m n) mol / m n)
15 [0130]

Exanpl e 5: Synthesis of carbonate by |light flow system
hv, O
CHCl; — =2
O

- —v , R R
R-OH 4+ Dbase o)ko

FsC F2HC A~ FaCu ™
>—OH Fc ™OH ° ¢7OH °T°¢” COH  ci,c” T oH
FsC F2 F2

HFIP 3FEA 4FPA 5FPA 3CIEA
The gas produced by the flow photoreaction device of the
phot oreacti on system schematically denonstrated in Figure 1 in
20 the conditions shown in Table 4 was blown into the stirred

al cohol containing pyridine or 1-nethylimdazole (NM) as a
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base in the reaction vessel 6 at an atnospheric tenperature.
In the trap vessel 7, 1-butanol was added to trap the gas
| eaked fromthe reaction vessel 6.

After the reaction, 1,1, 2,2-tetrachl oroethane was added to
the reaction mxture as an internal standard material, and the
m xture was anal yzed by H NVMR, as a result, it was confirned
that the carbonates were produced as the target conpound wth
hi gh yi el ds.

On the one hand, the phosgene yield calculated fromthe
carbonate produced in the reaction vessel 6 and the
chloroformc acid ester and the carbonate produced in the trap
vessel 7 was relatively low in sone cases. Pyridine nay
possi bly cause the deconposition of the phosgene.

[ 0131]

Table 4

'nected 995 teater “Ngi’(‘/ ?:fe Mxed gas R OH Base  Phosgene Carbonate

Arount Flow temp. . ., o Linear Residence yi el d® yield

rate velocity tinme

(9%}égﬁgl) a00mol  soommol 7% 73%
(91962ﬁgl) 400l 30ommol 68% 65%
( 516.'21nlr?o| ) 7?;'5 nglr,\r/l'rml 74% 70%
(8%9%2§3|) Jobml s0ommal 94% 949%
(901.05';?1% ) o o 24 194 - 4040':”':7/;' ?&é%’}e 85% 8596
(sééézﬁgn m/mn 90°C ”L;m ”L;m i i n 40s ;dgﬁﬁﬂ ?gég;ﬂe 66% 66%
(9%.1'2;3% ) idom F;yc;c;n?:nr}e 79% 79%
(75?13§3D|) es§§5§o| ?gg;ﬂge >64%  >99%
(495.'28n?1%| ) 74?%nErA;)| F;yor(;n?;&e S76% 9998
(52 ool ool ?;é,ﬂ:nr}e >48%  >90%
( 38%'86r§rgol ) Sgtrn?;| F;y;énci:mr;e >64% 999

a:yield to the injected CHCl;, b:yield to ROH

[ 0132]
Exanpl e 6: Synthesis of polycarbonate by Iight flow system

(1) Honobgeneous pol ynerization
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cHel, 102

HsC. CHs HiC_ CHs

T T T
HO OH ‘\o/ﬂ\o ~

The m xed gas of vaporized chl orof orm and oxygen was
supplied into the fl ow photoreaction device for photoreaction
at 90°C in the conditions shown in Table 5 using the

5 photoreaction system schenmatically denonstrated in Figure 1.
The gas produced in the fl ow photoreaction device was bl own
into the stirred solution prepared by m xi ng Bi sphenol A,
pyridine (4 nL, 50 mmol) and chloroformin the reaction vesse
6. Then, the reaction m xture was further stirred at 50°C for

10 1 hour.

Next, nethanol (150 nlL) was added to the reaction m xture,

and the produced precipitate was obtained by filtration and

dried in vacuo to obtain the white target conpound.

[ 0133]
Table 5
Fl ow anmount/ m n M xed gas Reaction vessel 6 PC
Entry CHO 3 Li near Residence o Anmount
CHO 5 (0} vel oci ty time Tenp. BPA Pyridine Tenp. Yi el d
73mol
1 93| 07.2;1nL 01421;54m_| mS 8 40s 90°C 80| 400| 20°C  91%vs BPA
nmo (0.25mmo) (0. 45mmol) mn nmo mo 79% vs CHO ,
15 3. 7nL 12. 4nL 4.6 10 50 8. 8mmo
2 | 0 1'25 | 0 4;5 | m i 50s 90°C | | 30°C 88%vs BPA
15 nmol (0. 125mol ) (0. 45mol ) mn nmo mro 59%vs CHO ,
[ 0134]

The produced pol ycarbonate was anal yzed by gel perneation
chr omat ography (GPC) to determ ne the nol ecul ar weight. The

result is shown in Tabl e 6.
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[ 0135]

Table 6
Entry Mv ivh Mv Mh
1 4, 505 2, 360 1.91
2 49, 000 14, 000 3.50
[ 0136]

(2) Honobgeneous pol ynerization

cHel, 92

FsC. CF; FiC. CF,

‘ O + base —/ 0 O O
HO OH ‘jo/ﬂ\o ~

The m xed gas of vaporized chl orof orm and oxygen was

supplied into the fl ow photoreacti on device for photoreaction
at 90°C in the conditions shown in Table 7 using the
phot oreacti on system schematically denonstrated in Figure 1.
The gas produced in the flow photoreaction device was bl own
into the stirred solution prepared by m xi ng Bi sphenol AF
(BPAF), pyridine and chloroformin the reaction vessel 6.
Then, the reaction m xture was further stirred at 50°C for 1
hour .

Next, nethanol (150 nlL) was added to the reaction m xture,
and the produced precipitate was obtained by filtration and

dried in vacuo to obtain the white target conpound.

[ 0137]
Table 7

Fl ow anpbunt/ m n M xed gas Reaction vessel 6 PC
CHA 5 Li near Resi dence L Amount
CHA 5 o velocity time  1emp. BPAF Pyridine Tenp. 'vig| g
9. 1mmol
91% vs

nﬁgl (07égghn) (Oliéigtl) nfﬁ?n 40s 90°C n#gl nﬁgl 30°C  BPAF
' ' 35% vs

CHO 4
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[ 0138]
The produced pol ycarbonate was anal yzed by gel perneation
chr omat ography (GPC) to determ ne the nol ecul ar weight. The

result is shown in Table 8.

[ 0139]
Table 8
Entry Mv ivh Mn Mh
3 274, 000 174, 000 1.57
[ 0140]

(3) Interfacial polynerization

The m xed gas of vaporized chl orof orm and oxygen was
supplied into the fl ow photoreaction device for photoreaction
at 90°C in the conditions shown in Table 9 using the
phot oreacti on system schematically denonstrated in Figure 1.
The gas produced in the fl ow photoreaction device was bl own
into the stirred solution prepared by m xi ng Bi sphenol A, 17
wt % sodi um hydr oxi de aqueous sol uti on and di chl oronet hane in
t he reaction vessel 6.

Then, water and di chl oronet hane were added to the reaction
m xture, and the upper layer and the | ower |ayer were
separated. The |ower |ayer was dried over anhydrous sodi um
sulfate, the mxture was filtrated, and the filtrate was
concentrated under reduced pressure. Methanol was added to the
resi due, and the produced precipitate was obtai ned by
filtration and dried in vacuo to obtain the yell ow sh white

target conpound (yield to chloroform 19% vyield to BPA: 84%.
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[ 0141]

Table 9
FI ow anmount/m n M xed gas Reaction vessel 6 PC
CHA 3 Li near Residence NaOH Anmount
od Q velocity time oM BPAGRO. T 7 Temp.  yielg
17nmol
91 7. 4m 12. 4nL 5.8 20 40 40nmL
) 40s 90°C 20°C 84%vs BPA
mrol (0. 25mmo) (0. 45nmmol ) mmn mol L (17w % 19% vs CHO 4
[0142]

The produced pol ycarbonate was anal yzed by gel perneation
chr omat ography (GPC) to determ ne the nol ecular weight. The

result is shown in Table 10.

[ 0143]
Tabl e 10
Mwv Mh Mn Vh
16, 800 4,400 3.77
[ 0144]

Exanpl e 7: Synthesis of polycarbonate by Iight flow system

cHel, 192
O

H _y
O\V/”\\//\\V/“\OH-+ base O/ﬂ\o

The m xed gas of vaporized chl orof orm and oxygen was
supplied into the fl ow photoreacti on device for photoreaction
at 90°C in the conditions shown in Table 11 using the
phot oreacti on system schematically denonstrated in Figure 1.
The gas produced in the flow photoreaction device was bl own
into the stirred solution prepared by m xi ng 1, 6- hexanedi ol
(9.45 g, 80 mml ), pyridine (32 nL, 400 nmol) and
di chl oronet hane (40 nL) in the reaction vessel 6.

Then, 10 wt % hydrochl oric acid was added to the reaction
m xture, and the upper l|layer and the | ower |ayer were

separated. The |ower |ayer was dried over anhydrous sodi um
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sulfate, and the m xture was filtrated. The sol vent was
distilled away fromthe filtrate under reduced pressure, and
the residue was dried in vacuo at 50°C for 2 hours to obtain
the white target solid (yield to chloroform 58% vyield to the

raw material diol: 73%.

[ 0145]
Table 11
FI ow anmount/ nin M xed gas Reacti on vessel 6 PC
CHa 5 Li near Residence . . Amount
CHA 4 o vel oci ty time Tenp. Diol Pyridine Temp. vigq|g
58mmol
0,
94  7.4nL 12. 4nL 5.8 .. 80 400 _ 13%uvs
. 40s 90°C 20°C diol
mol (0. 25mmo) (0. 45mmol ) nmmn nmol ol 58% vs
CHO 4
[ 0146]

The produced pol ycarbonate was anal yzed by gel perneation
chr omat ography (GPC) to determ ne the nol ecul ar weight. The

result is shown in Table 12.

[0147]
Tabl e 12
Mwv Mh Mn Vh
5,740 3, 530 1.62
[ 0148]

Exanpl e 8: Synthesis of urea conpound by light flow system

f?bﬁ C)z

NN
- o’y
O

The gas produced by the flow photoreacti on device using

CHCl,

NH,

11.46 g (94.3 mmol) of chloroformwas blown into the stirred
solution prepared by mxing aniline (42.3 g, 460 mmol ) and

di chl oronet hane (50 nmL) in place of 1-butanol at an ordinary
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tenperature in the reaction vessel 6 in the condition of
Exanple 1 of which coil heater tenperature was 90°C.

Then, water was added to the reaction m xture, and the
produced precipitate was obtained by filtration. The
preci pitate was washed and then dried in vacuo at 50°C for 3
hours to obtain the white target solid (yield to chloroform
93% . The urea conpound may be produced by reacting phosgene
and aniline to produce an isocyanate conmpound, which reacted
with aniline.

The phosgene used for produci ng di phenylurea and the
unr eact ed phosgene trapped by the al cohol trap (the trap
vessel 7) were conbined to calculate the conversion ratio from
chl oroformto phosgene as 98%
[0149]

Exanpl e 9: Synthesis of amno acid N-carboxylic anhydride by

light flow system

(1) L-Phenyl al ani ne N-carboxylic anhydride

cHel, 1 O2 .
CO,H
v R O
NH> HN\<

The gas produced by the flow photoreaction device using 5.7
g (47.7 mmol) of chloroformwas blown into the stirred
suspensi on prepared by m xing L-phenylal anine (1.65 g, 10
mol ), chloroform (20 nL) and acetonitrile (15 nL) in place of
1-butanol at 70°C in the reaction vessel 6 in the condition of
Exanple 1 of which coil heater tenperature was 90°C.

Then, the unreacted raw materi al was separated by
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filtration, and the filtrate was concentrated under reduced
pressure to obtain the target conmpound (yield to raw nateri al
L- phenyl al ani ne: 61% .
[ 0150]

(2) Synthesis of am no acid N-carboxylic anhydride using air

cHel, 192

CO,H R

\I/' _ @)
NH; HN\<

A gas phase photoreacti on was conducted using the

phot oreacti on system schematically denonstrated in Figure 1.

Li qui d chl orof orm was supplied to the PTFE tube having an

inner diameter of 1 mm at the flow amount of 838 uL/min (0.1

nmol /m n) and m xed with the air of which flow anmobunt was

adjusted to 7 nL/mn using an air punp and a nmass fl ow

controller, and the m xed gas was supplied to the fl ow

phot oreacti on device at 80°C. The injected chl orof orm was

vapori zed and m xed with air, and the m xed gas was fl owed.

The respective maxi mumgas flow rate of the vaporized

chl orof orm and the oxygen gas, and the linear velocity and the

residence tine of the mxed gas were cal cul ated as Table 13.
The gas produced by the oxidative photodeconposition of the

m xed gas of the chloroformgas and the air was blown into the

stirred THF solution containing L-amino acid (10 nmmmol) in the

connected reaction vessel 6 at 60°C for 3 hours. The unreacted

gas was treated by supplying to the further connected al kal

trap so that toxic gas was not | eaked outside. Then, the

obt ai ned sol ution was washed with water and subjected to
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extraction using dichloronethane. The organic |ayer was dried
over anhydrous sodium sul fate, and the solvent was distilled
away under reduced pressure. The white solid target conpound
was obtai ned by recrystallization fromthe residue using

di et hyl ether and hexane. The result is shown in Table 13.

[ 0151]
Table 13
Fl ow amount/ m n M xed gas Reacti on vessel 6
Entry CHO ; . Li near Residence Yield
CHO 4 Air vel oci ty ti e Tenp. AA Solvent Tenp.
1 19 2.74 o Phe THF R 73%
> ol 8.38uL 7.0nL mmon 84s 80°C Teu  30nL 60°C 6%
*:isolated yield to raw material anmino acid
[ 0152]

Exanpl e 10: Synthesis of carbonyl diimdazole by |ight flow

system
I7V,()2
O

PPN

CHCI,
N™ N

H
N

[/ ] N7 N
N \of \—/

Chloroform (2.4 nmL., 30 mol) was used and the gas produced

in the fl ow photoreaction device was blown into the stirred
THF solution of imdazole (5.11 g, 75 mmol) in place of 1-
butanol at 0°C in the condition of Exanple 1 in which the
tenperature of the coil heater was adjusted to 90°C

Then, the i m dazol e hydrochloride salt precipitate produced
as the by-product with proceeding the reaction was separ at ed
by filtration, and the filtrate was concentrated under reduced
pressure to obtain the target conpound (yield to chloroform
749) .
[ 0153]

Exanpl e 11: Synthesis of polycarbonate by light flow system
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CHely 1292

b
o0, Lo ok
HO OH 10 o T

Chl oroform (3.14 g, 26.3 nmmol) was used and the gas

produced in the fl ow photoreaction device was blown into the
stirred solution prepared by m xing 4,4 -cycl ododecyl i dene
bi sphenol (BisP-CDE) (3.52 g, 10 nmol), pyridine (4 nL, 50
mmol ) and chloroform (40 nL) in place of 1-butanol at 30°C for
125 mnutes in the condition of Exanple 1 in which the
tenperature of the coil heater was adjusted to 90°C

Then, nethanol (150 nL) was added to the reaction m xture,
and the produced precipitate was obtained by filtration and
dried in vacuo to obtain the white polycarbonate (yield to
Bi sP- CDE: >999%).

The produced pol ycarbonate was anal yzed by gel perneation
chromat ography (GPC) to determ ne the nol ecular weight. The

result is shown in Table 14.

[ 0154]
Table 14
Mv Mh Mn Mh
269, 000 184, 000 1.45
[ 0155]

Exanpl e 12: Continuous flow synthesis by light flow system

hv, Oy 1-BuOH 0 o)

n-Bu. )k + n-Bu. )J\ _n-Bu

o Cl o O

CHClI,

The syringe punp 8 for injecting a reactive substrate and
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the tenperature-adjustable coil reactor 9 having the inner

di aneter of 1.0 nm the length of 2830 mm and t he vol une of
2.22 nmL were further connected to the flow photoreaction
systemof Figure 1 for the continuous reaction as denonstrated
in Figure 2.

Into the phosgene gas produced in the flow photoreaction
system 1-butanol was further injected fromthe syringe punp 8
for injecting a reactive substrate at the flow anount of 0.052
m./mn to be reacted in the coil reactor 9 of which
tenperature was adjusted to O to 100°C in the conditions shown
in Table 12. A two-neck flask was cooled to 0°C and attached
to the outlet of the coil reactor as the recovery vessel 10 to
obtain the product. The unreacted deconposed gas was trapped
in the further attached al cohol trap as the trap vessel 7, and
the waste gas was treated in an alkali trap in order not to be
| eaked out si de.

The yields of the chloroformc acid ester and the carbonate
produced in the recovery vessel 10 and the trap vessel 7 were
cal cul ated by H NMR spectra by conparing 50 mmol of 1,1, 2, 2-
tetrachl oroethane as an internal standard material, and the
anmount of the produced phosgene was estinmated on the basis of

the total anounts thereof. The result is shown in Table 15.

Tabl e 15
. Max gas .
Injected CHO 3 Heat er flow rate M xed gas 1- BucH Re:git : on vs CHO 3
tenp. i i [ f ; : -
Amount Fl ow m cHa . o Li near ReSI.dence Injection Injection tgpy  Phosgene .. . Coil
rate vel ocity tinme anount rate yield yield
10. 8g 90. 5 N
(90. 5mol ) ol 0°C 91% 5.7% 89%
11.39g 0.02 o 7.4 12.4 5.8 95.4 0. 052 o
(95.ammol) n/nin 9%°C mi/ninni/nin minin 40s ol m/min 30°C  88% 7.5%  87%
10. 969 91.8 . . . .
(91. 8mol ) ol 100°C 89% 9. 0% 89%

When 1-butanol as an aliphatic alcohol was injected from
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the syringe punp 8 for injecting a reactive substrate, the
chl oroform c acid ester and the carbonate coul d be produced
with the yield of about 90%to the chloroforminjected from
the syringe punp 1 as the result shown in Table 15. The
reaction efficiency was high in the reaction in a coi

reactor, since the al cohol injected under high tenperature can
be vaporized to react with phosgene in a gas phase. As a
result, phosgene was not detected at the outlet part of the
coil reactor and thus it could be achieved that the detection
val ue of phosgene at the systemoutlet was zero at the

| aboratory | evel.

A gas phase reaction under high tenperature in a coi
reactor becones possi bl e by devel opi ng a conti nuous fl ow
reacti on system as the above-described result.

In addition, 2-propanol (IPA) was injected; as a result,
the target chloroformc acid ester could be produced with the
yield of 74% though 2-propanol is generally not reacted with
phosgene under room tenperature.

[ 0158]
Exanpl e 13: Synthesis of chloroformc acid ester by |ight

fl ow system

hva R'OH
CHCl, 2, . r. L

The coil heater tenperature in the |ight flow system
schematical ly denonstrated in Figure 2 was adjusted to 90°C,
t he oxi dative phot odeconposition gas produced from?7.4 nmi/mn
of chloroformgas and 12.4 ni/mn of oxygen gas was m xed with
the al cohol injected by the syringe punp in the T-type m xer,

and the m xed gas was supplied into the PTFE tube reactor at
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30°C for a flow reaction. The product was obtained in the
connected two-neck flask which was cooled to 0°C. The
unreacted gas was supplied into the further connected al kal
trap in order not to be | eaked outside.

After the reaction, the reaction m xture was anal yzed by H
NVMR, as a result, the target chloroformc acid ester could be

produced with the yields shown in Table 16.

[ 0159]
Table 16
i I,vg\)/(v ?:tse Tube reactor Reactive substrate
Entry CHO ; | = Yield
CHC 3 o | nner Length Volunme Structure Anount Sol vent ow
di anet er rate
7.4 12.0 2.4 2830 12.8 243 0. 052
1 90mmol nL/min nm/mn mm mm L > OH ol - L/ min 74%
OH
7.4 12.0 2.4 7700 34.8 5 THF 0.075
99%

2 90mml i hin m/mn m on Q.O mol onL ni/min

a:yield to chloroform b:yield to al cohol

[ 0160]
Exanpl e 14: Synthesis of ethylene carbonate
O
HO
hv,0, > “OH P

CHCl,

: C)\_/O

Et hyl ene glycol (1.62 ni, 29.0 mml) was further injected
into the phosgene gas produced fromchloroform (total 2.37 ni,
29.4 mmol) using a syringe punp at the flow anount of 0.014
m./mn in simlar conditions to Exanple 12 for 2 hours to be
reacted through the coil reactor that was heated to 200°C. A
two-neck flask that was cooled to 0°C was attached to the
outl et of the coil reactor as the recovery vessel 10 to
coll ect the product. The unreacted deconposed gas was trapped
in the further connected al cohol trap as the trap vessel 7,
and the waste gas was treated with an alkali trap. But

phosgene was not detected at the stage of the al cohol trap.
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To the obtained reaction mxture, 1,1,2,2-tetrachl oroethane
was added as an internal standard material. The m xture was
anal yzed by 'H NVR, as a result, it was confirned that ethylene
carbonat e was produced as the target conmpound with the yield
of 54%to the used chl orof orm and ethyl ene glycol.

[0161]
Exanpl e 15: Continuous flow synthesis using NM by light flow

system
CHl, 1292
0
R-OH NMI | R R\O)I\O/R

If an organic base is injected as a catalyst into the coi
reactor in the continuous flow reaction systemof Figure 2,
HCl is produced with the progress of the reaction and reacted
with the organic base to be a salt. The salt may possibly
cause the clogging of a reactor tube. The inventors of the
present invention cane up with the idea to select the organic
base of which salt wth HO is not precipitated, in other
words, of which salt is an ionic liquid as a liquid salt in
the present invention system
[0162]

(1) Synthesis of bis-1,1,1, 3,3, 3-hexafl uoro-1-propyl
car bonat e

A mxed |liquid of hexafl uoroisopropanol (HFIP) (14.8 ni,
188 mmmol ) and 1-nethylimdazole (NM) (7.9 nL, 75 mol) was
injected to the phosgene gas produced by the continuous flow
phot oreacti on systemfromthe syringe punp 8 for injecting a
reactive substrate at the flow anount of 0.125 niL/mn for

total 3 hours simlar conditions to Exanple 12 except that the
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tenper ature-adjustable coil reactor was changed to one having
the inner dianeter of 2.4 nm the length of 2830 mm and t he
volune of 12.8 nL. The m xture was supplied to the coi
reactor 9 heated to 100°C for the reaction. The product was
collected in the recovery vessel 10-1 that was connected to
the outlet of the coil reactor and the recovery vessel 10-2.
The tenperature of the recovery vessel 10-1 was adjusted to
100°C so that the liquid condition of the salt of NM and HC
could be sufficiently maintained and the target carbonate
could be recovered. On the one hand, the tenperature of the
recovery vessel 10-2 was adjusted to 0°C, since the target
carbonate m ght be possibly | eaked fromthe recovery vesse
10-1. The gas discharged fromthe recovery vessel 10-2 was
trapped by the further connected al cohol trap as the trap
vessel 7 and the waste gas was treated by an alkali trap but
phosgene was not detected at the stage of the al cohol trap.

The col |l ected products in the recovery vessel 10-1 and the
recovery vessel 10-2 were conbined. The m xture was separated
to two layers. The |lower |ayer was washed with 1.4 nol/L
hydrochloric acid (20 nL), dried over anhydrous sodium sul fate
and filtrated. The filtrate was concentrated to obtain the
target conpound as a colorless and transparent liquid (yield
to the used HFIP. 61%.
[0163]

(2) Synthesis of bis-2,2,3,3-tetrafluoropropyl carbonate

A mxed liquid of 2,2,3,3-tetrafluoro-1-propanol (8.86 i,
100 mol) and NM (12 ni, 150 mmol) was injected to the
phosgene gas produced by the continuous fl ow photoreaction
systemfromthe syringe punp 8 for injecting a reactive

substrate at the flow anount of 0.12 niL/mn for total 3 hours
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simlar conditions to Exanple 12 except that the tenperature-
adj ustabl e coil reactor was changed to one having the inner
dianeter 2.4 mm the length of 2830 nm and the volune of 12.8
m.. The m xture was supplied to the coil reactor 9 heated to
100°C for the reaction. The product was collected in the
recovery vessel 10-1 that was connected to the outlet of the
coil reactor and the recovery vessel 10-2. The recovery vesse
10-1 was heated to 100°C, and the recovery vessel 10-2 was
cooled to 0°C. The unreacted deconposed gas was trapped by the
further connected al cohol trap as the trap vessel 7 and the
waste gas was treated by an alkali trap but phosgene was not
detected at the stage of the al cohol trap.

To the obtai ned product sanple solution, 1,1, 2, 2-
tetrachl oroet hane was added as an internal standard material.
The m xture was anal yzed by 'H NVR, as a result, it was
confirmed that the target conmpound was produced with the yield
of 70%to the used al cohol.

The raw material was renoved fromthe obtai ned sanple
solution by distillation. The sanple solution was washed with
1.4 nmol/L HCO (20 nlL), dried over anhydrous sodi um sul f ate,
and filtrated. The filtrate was concentrated to obtain the
target conpound as a colorless and transparent liquid (yield
to the used 2,2,3,3-tetrafl uoro-1-propanol: 449%.

[ 0164]
(3) Synthesis of bis-2,2,2-trifluoroethyl carbonate

A mxed liquid of 2,2,2-trifluoroethanol (10 g, 100 nmol)
and NM (12 nlL, 150 nmmol) was injected to the phosgene gas
produced by the continuous fl ow photoreaction systemfromthe
syringe punp 8 for injecting a reactive substrate at the fl ow

anmount of 0.11 nL/mn for total 3 hours simlar conditions to
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Exanpl e 12 except that the tenperature-adjustable coil reactor
was changed to one having the inner dianeter 2.4 mm the

| ength of 2830 mm and the volunme of 12.8 nL. The m xture was
supplied to the coil reactor 9 heated to 100°C for the
reaction. The product was collected in the recovery vessel 10-
1 that was connected to the outlet of the coil reactor and the
recovery vessel 10-2. The recovery vessel 10-1 was heated to
100°C, and the recovery vessel 10-2 was cooled to 0°C. The
unr eact ed deconposed gas was trapped by the further connected
al cohol trap as the trap vessel 7 and the waste gas was
treated by an alkali trap but phosgene was not detected at the
stage of the al cohol trap.

To the obtained reaction m xture, 1,1,2,2-tetrachl oroet hane
was added as an internal standard material. The m xture was
anal yzed by 'H NVR; as a result, it was confirnmed that the
target conpound was produced with the yield of 60%to the used
al cohol .

The raw material conpound was renoved fromthe obtained
sanple solution by distillation. The thus obtained residue was
washed with 3 M hydrochloric acid (20 nL), dried over
anhydrous sodiumsulfate, and filtrated. The filtrate was
concentrated to obtain the target conpound as a col orless and
transparent liquid (yield anmount: 6.43 g, yield to the used
2,2,2-trifluoroethanol : 449%.

[0165]
(4) Synthesis of diphenyl carbonate

A mxed liquid of phenol (18.8 niL, 200 nmol) and NM (24
m., 300 mmol) was injected to the phosgene gas produced by the
conti nuous fl ow photoreaction systemfromthe syringe punp 8

for injecting a reactive substrate at the flow anount of 0.23
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nmL/mn for total 3 hours simlar conditions to Exanple 12
except that the tenperature-adjustable coil reactor was
changed to one having the inner dianmeter 2.4 mm the |ength of
2830 nm and the volune of 12.8 nL. The m xture was supplied to
the coil reactor 9 heated to 115°C for the reaction. The
product was collected in the recovery vessel 10 that was
connected to the outlet of the coil reactor and heated to
100°C. The unreacted deconposed gas was trapped by the further
connected al cohol trap as the trap vessel 7 and the waste gas
was treated by an alkali trap but phosgene was not detected at
the stage of the al cohol trap.

To the obtained reaction mxture, 1,1,2,2-tetrachl oroethane
was added as an internal standard material. The m xture was
anal yzed by 'H NVR; as a result, it was confirnmed that the
target conpound was produced with the yield of 72%to the used
phenol .

Di chl oronet hane and 1.4 nol/L HCO were added to the
obt ai ned sanpl e solution, and the upper |ayer and the | ower
| ayer were separated. The |lower |ayer was dried over anhydrous
sodiumsulfate and filtrated. The solvent was renoved under
reduced pressure fromthe filtrate. The residue was dried in
vacuo in the heating condition using a glass tube oven to
obtain the white target solid (isolated yield to the used
chl oroform 56% .
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[ 0166]

Table 17
. Max gas . Carbonat e
I njected CHO , Heat er flow rate M xed gas " Reggit: on yi el d®
Flow tenp. Li near Residence [isol ated
t .
Amount ate s O o ty tine e yi el d*]
6. 119 HFI P 14. 81mL
(51.2 12. 69 (187.5 100°C [61%
mol ) (75mml ) nmmol )
5. 519 4FPA 12. 00mL 70%
(46.2 8. 86nL (150.0 100°C
0.02 12.4 [44%
mol)  m o eocc 4 nini 5.8 s0s  (100mmI) ol )
5. 379 n n/mn "7 i ni n 3FEA  12.00nL 60%
(45.0 10g (150.0 110°C [4495
mmol ) (100nmmol ) nmol)
5. 969 PhCH 24.00nmL 790
(49.9 18.81g (300.0 115°C [5@%
mol ) (200mmol) nmmol)
a:yield to injected CHCO ;
[0167]

It was found as the above-described result that even when
the base that forns an ionic liquid with hydrochl oride
produced as a by-product, such as 1-nethylim dazole, is
supplied into a coil reactor, the coil is not clogged and the
conti nuous reaction can be successfully pronoted.

[ 0168]
Exanpl e 16: Continuous flow synthesis by flow system using
pyridi ne

CHClI, _hv, Oy

OH 0

N

o O

pyridine

A

v

A mxed |iquid of phenol (9.41 g, 100 mmol) and pyri di ne
(12 mL, 150 mmol) was injected to the phosgene gas produced by
the continuous fl ow photoreaction systemfromthe syringe punp
8 for injecting a reactive substrate at the flow anmount of
0.11 nm/mn for total 3 hours simlar conditions to Exanple

15. The m xture was supplied to the coil reactor 9 heated to
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160°C for the reaction. The product was collected in the
recovery vessel 10-1 that was connected to the outlet of the
coil reactor and the recovery vessel 10-2. The tenperature of
the recovery vessel 10-1 was adjusted to 155°C so that the
liquid state of the salt of pyridine and HC could be
sufficiently maintained and the target carbonate can be
obtai ned. On the one hand, the tenperature of the recovery
vessel 10-2 was adjusted to -5°C, since the target carbonate
m ght be possibly | eaked fromthe recovery vessel 10-1. The
gas di scharged fromthe recovery vessel 10-2 was trapped by
the further connected al cohol trap as the trap vessel 7 and
the waste gas was treated by an alkali trap but phosgene was
not detected at the stage of the al cohol trap.

As a result, the clogging of the pyridine hydrochloride
salt was not recognized in the coil reactor, and thus the
produced pyridi ne hydrochloride salt m ght be dissol ved or

nmelted to be fl owed out.

To the obtained reaction m xture, 1,1,2,2-tetrachl oroet hane

was added as an internal standard material. The m xture was
anal yzed by 'H NVR; as a result, it was confirnmed that the
target di phenyl carbonate was produced (yield to the used
phenol : 65% vyield to the used chloroform 72%.
[0169]

Exanpl e 17: Continuous flow synthesis by flow system using

sol vent

74



10

15

20

25

CHClI5 _hv, 0

OH 0

pyridine )k

CHCl, o o

A 4

v

If an organic base is injected as a catalyst to the coi
reactor in the continuous flow reaction systemof Figure 2,

HCl is produced with the progress of the reaction and reacted
with the organic base to be a salt. The salt may possibly
cause the clogging of a reactor tube. The inventors of the
present invention cane up with the idea to use the solvent to
di ssol ve the produced HCO salt in the present invention
system

A mxed liquid prepared by dissolving phenol (1.88 g, 20
nmol ) and pyridine (6.4 nL, 80 nmol) in chloroform (16 niL) was
i njected to the phosgene gas produced by the continuous fl ow
phot oreaction systemfromthe syringe punp 8 for injecting a
reactive substrate at the flow amount of 0.2 nmbL/mn for tota
2 hours simlar conditions to Exanple 15. The m xture was
supplied to the coil reactor 9 for the reaction at room
tenperature. The product was collected in a two-neck flask as
the recovery vessel 10 connected to the outlet of the coi
reactor. The waste gas was treated by an alkali trap as the
trap vessel 7.

As a result, since the deposit of the pyridine
hydrochl ori de salt was not recognized in the coil reactor, and
t hus the produced pyridine hydrochloride salt m ght be
di ssolved in chloroformto be flowed out.

To the obtained reaction m xture, 1,1,2,2-tetrachl oroet hane
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was added as an internal standard material. The m xture was
anal yzed by 'H NVR; as a result, it was confirnmed that the
target di phenyl carbonate was produced (yield to the used
phenol : 909% .

Then, the obtai ned sanple solution was washed with 1 M
hydrochl oric acid and water, and extraction was carried out
usi ng di chl oronet hane. The organic |ayer was dried over
anhydrous sodium sul fate, and the solvent was distilled away
under reduced pressure. The residue was subjected to
di stillation under reduced pressure using a glass tube oven to
obtain white solid di phenyl carbonate fromthe fraction of 100
to 155°C (yield anpunt: 1.79 g, yield: 84%.

[0170]

Exanpl e 18: Continuous flow synthesis by flow system using

sol vent
cHely 1292
X
PN pyridine .
FRHCF,C™ "OH  — e F,HCF,C” "0 07 “CF,CHF,

A mxed liquid prepared by dissolving 2,2, 3,3-tetrafl uoro-
1-propanol (1.96 nL, 20 nmol) and pyridine (6.4 nL, 80 nmol)
in 16 mL of chloroformwas injected to the phosgene gas
produced by the continuous flow photoreaction systemfromthe
syringe punp 8 for injecting a reactive substrate at the fl ow
amount of 0.2 mL/mn for total 2 hours simlar conditions to
Exanpl e 15. The m xture was supplied to the coil reactor 9 for
the reaction at roomtenperature. The product was collected in
a two-neck flask as the recovery vessel 10 connected to the
outlet of the coil reactor. The waste gas was treated by an

alkali trap as the trap vessel 7. To the obtained reaction
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m xture, 1,1, 2,2-tetrachl oroethane was added as an interna
standard material. The m xture was analyzed by IH NMR as a
result, it was confirnmed that the target bis(2, 2,3, 3-
tetrafl uoropropyl) carbonate was produced (yield to the used
al cohol : 949% .

Then, the obtai ned sanple solution was washed with 1 M
hydrochl oric acid and water, and extraction was carried out
usi ng di chl oronet hane. The organic |ayer was dried over
anhydrous sodium sul fate, and the colorless liquid target
conmpound was obtained fromthe fraction of 60 to 70°C by
distillation under reduced pressure using a diaphragm punp
(yield amount: 2.09 g, yield: 729.

[0171]
Exanpl e 19: Continuous flow synthesis by flow system using

sol vent

cHel, 192

CF,4 CF; O CF;

P B IS 5 U G
F,C~ “OH CHCl3
A mxed liquid prepared by dissolving HFIP (2.31 nL, 20

y

nmol ) and pyridine (6.4 nL, 80 nmol) in chloroform (16 niL) was
injected to the phosgene gas produced by the continuous flow
phot oreaction systemfromthe syringe punp 8 for injecting a
reactive substrate at the flow amount of 0.2 nmbL/mn for tota

2 hours simlar conditions to Exanple 15. The m xture was
supplied to the coil reactor 9 for the reaction at room
tenperature. The product was collected in a two-neck flask as
the recovery vessel 10 connected to the outlet of the coi
reactor. The waste gas was treated by an alkali trap as the

trap vessel 7. To the obtained reaction mxture, 1,1, 2, 2-

77



10

15

20

25

tetrachl oroet hane was added as an internal standard material.
The m xture was anal yzed by 'H NVR, as a result, it was
confirmed that the target bis(1,1,1, 3,3, 3-hexafl uoropropane- 2-
yl) carbonate was produced (yield to the used al cohol: 61%.
Then, the obtai ned sanple solution was washed with 1 M
hydrochl oric acid and water, and extraction was carried out
usi ng di chl oronet hane. The organic |ayer was dried over
anhydrous sodium sul fate, and the colorless liquid target
conmpound was obtained fromthe fraction of 65 to 75°C by
distillation (yield anmount: 1.45 g, yield: 40%.
[0172]

Exanpl e 20: Synthesis of carbonate by supplying gas nethod

hv,0, R-OH O O
CHCly > * R T R R
o g o

A phot oreacti on system was constructed by inserting a

guartz glass jacket having the dianeter of 30 nmin a
cylindrical reaction vessel having the dianeter of 42 nmm and
the volune of 100 nL and further inserting a | ow pressure
mercury lamp ("UVL20PH-6" manufactured by SEN Light, 20 W, 24
nm x 120 nm) in the quartz glass jacket as schematically
denonstrated in Figure 3. The irradiated |ight fromthe | ow
pressure nercury |lanp contained UV-C having the wavel ength of
185 nm and the wavel ength of 254 nm and the illum nation
intensity of the light having the wavel ength of 185 nm at the
position 5 nmaway fromthe center of the lanp to the reaction
m xture was 2.00 to 2.81 mWcn®, and the illumnation intensity
of the light having the wavel ength of 254 nmwas 5.60 to 8.09
MmNV cn?. The cylindrical reaction vessel 12 was equi pped with

the cooling condenser 15 that was used for selectively
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transporting the produced | ow boiling point gas conponent and
cooled to 10°C, and a two-neck flask as the reaction vessel 16
equi pped with the cooling condenser 15 cooled to -10°C was
connected thereto. The cooling condenser 15 was further
connected to the two-neck eggpl ant flask containing an al coho
and the trap vessel containing an al kali aqueous sol ution.

The bath tenperature of the photoreaction vessel 12 was
adjusted to the tenperature shown in Table 18, and then liquid
chl orof orm was supplied to the photoreaction vessel fromthe
PTFE tube having the inner dianmeter of 1 mmat the flow rate
shown in Table 18 using a syringe punp. The chl orof orm was
stirred to accel erate vaporization. Next, oxygen was supplied
to the gas phase of the reaction vessel at the rate of 0.1
m./mn fromanother direction to prepare a m xed gas of
chl orof orm and oxygen in the photoreacti on vessel 12, and
light was irradiated thereto using the | ow pressure nmercury
| anp. The gas produced by the oxidative phot odeconposition of
the m xed gas was blown into the stirred 1-hexanol (30 ni, 239
nmmol ) in the connected two-neck eggplant flask at room
tenperature. The unreacted gas was trapped by the further
connected 1-hexanol trap as the trap vessel, and the waste gas
fromthe trap vessel was treated by an alkali trap so that
toxi c gas was not | eaked outsi de.

The yields of the chloroformc acid ester and the carbonate
produced in the reaction vessel 16 and the trap vessel were
estimated by 1H NMR spectra, and the anount of the produced
phosgene was determ ned on the basis of the total anobunts

thereof. The result is shown in Table 18.
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[0173]

Tabl e 18

L ?jii/ Linggrei%iizence Bath — Condenser Phosgen yi el d°

Anmount rate velocity time tenp. tenp. [ Amount ]
(12150m”1'0|) 2.5nL/h %ﬁq.lﬁ 33s 110°C  10°C [113?411:?(;@]
(504n¢"m|) 1. 0nL/ h %ﬁzg 37s 90°C 10°C [48.967r(r)fr)ol]

a:yield to the injected hal ogenated hydrocarbon

[0174]
The gas phase photoreaction of vaporized chl orof orm and
5 oxygen gas was carried out by continuously injecting
chl oroforminto the photoreaction vessel heated to the boiling
poi nt or higher of chloroformfrom outside using a syringe
punp; as a result, chloroform mght be relatively rapidly
deconposed to produce phosgene as the result shown in Table 8.
10 The phosgene gas produced with high conversion ratio of 97%
or higher did not contain a notable by-product and was reacted
wi th an al cohol to produce a chloroformc acid ester or a
carbonate having high purity. A small anount of a by-product
was carbon nonoxi de and carbon di oxi de.
15 [0175]
Exanpl e 21. Synthesis of Vilsneier reagent by gas phase

phot or eact i on

cHel, 192
I i
O Aoy e MGy
CH; CH

The oxi dati ve photodeconposition gas produced fromt ot al
20 6.83 g (57.2 mmol ) of chlorof ormusing the photoreaction

system schematically denonstrated in Figure 1 was blown into
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the stirred N, N-di net hyl formam de (DVF) (5.5 ni, 70 mmol) at
at nospheric tenperature in the connected two-neck eggpl ant
flask for 4 hours simlarly to Exanple 1. The unreacted gas
was supplied into a further connected al cohol trap and an
alkali trap to be treated so that the gas was not | eaked
out si de.

The reaction m xture was anal yzed by IH NVR after the
reaction; as a result, it was confirmed that the Vil sneier
reagent could be produced with the yield of 51% or nore to the
used chloroform The actual yield amount may be hi gher than
the result, since a Vilsneier reagent is reacted with noisture
in the air to be deconposed into a raw nmaterial amde. The

result is shown in Table 109.

[0176]

Table 19

Max gas flow rate M xed gas Phot or eact i on Vi | snei er
CHO 5 A o Linear Resi dence temp Substrate reagent
3 velocity time : yi el d
57.2mmol - Am/mn 12. ant/m n 5 8 40s 90°C DV >51%
(0.25mmol /min) (0.45mol / min) nf min 70mol

[0177]

Chl orof orm was heated to 90°C using a coil heater to be
vapori zed, and the vaporized chloroformwas m xed with oxygen
gas for the gas phase flow photoreaction; as a result, a
Vil snei er reagent could be produced with the yield of nore
than 51% from DVF and t he phosgene produced fromchloroformin
t he gas phase.

[0178]
Exanpl e 22: Synthesis of Vilsneier reagent and acid chloride

by gas phase photoreaction
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cHel; 192

o)
o) o)
HyCo A ) ;
3 EH T RJ\OH ] R)J\CI
3

The oxi dative phot odeconposition gas produced from

chloroformgas at 7.4 nL/m n and oxygen gas at 12.4 niL/mn was
blown into the stirred chloroformsolution (100 nL) prepared
by di ssol ving benzoic acid or propionic acid and DMF in the
connected two-neck eggplant flask at 30°C for 3 to 5 hours
using the flow photoreaction systemsimlarly to Exanple 21.
The unreacted gas was supplied to the further connected
al cohol trap and alkali trap in order not to be |eaked
out si de.

The reaction m xture was anal yzed by 1H NVR after the
reaction; as a result, the target carboxylic acid chloride

coul d be produced as the result shown in Table 20.

[0179]
Tabl e 20
Max gas flow rate M xed gas Phot or eact i on Substrate Tar get
CHA 5 Li near Resi dence Car boxylic ;
CHCl t enp. ield
3 © vel ocity tinme i DIV acid y
52.3 100mo! Benzoic acid 70%
ol 200mol
44. 6 100mol Propionic acid 61%
mol 200mol
62.5 Benzoic acid x
ol 7.4 12.4 50mmol 50nmol 97%
——p— nb/mn mL/mn 5.8 —— -
75.0 . 40s 90°C Propionic acid .
ol nm()|0/ r2n5n) nm()|0/ 4m5n) m nin 50nmol 50mmol >99%
62.5 50mol Nonanoi ¢ aci d 76%
ol 50nmo
19.3 4-Fl uoro
ol 15mmol  benzoic acid  90%
15mmo

*:yield to the used carboxylic acid

[ 0180]
It was found as the result shown in Table 20 that the

conversion ratio froma carboxylic acid to a carboxylic acid
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chl ori de becones hi gher when a chl orof orm anount and a DVF
ratio to the carboxylic acid is |arger.
[ 0181]

Exanpl e 23: Synthesis of Vilsneier reagent and formc acid

ester by gas phase photoreaction

cHel, 192
it b 1
1) C4HgOH
H C\ — , H C\ = - 41179 >
3 N H ° N+ HCI2)NaCO3aq e
(:H3 (:H3

The oxi dative phot odeconposition gas produced froma m xed
gas of chloroformgas at 7.4 nL/m n and oxygen gas at 12.4
m./mn from5.82 g (48.8 mvl) of chloroformwas blown into
the stirred DVF (8.0 nL, 100 mmpl) in the connected two-neck
eggpl ant flask at atnospheric tenperature for 3 hours using
the flow photoreaction systemsimlarly to Exanple 21. The
unreacted gas was supplied to the further connected al coho
trap and alkali trap in order not to be | eaked outside.

To the reaction m xture, 1-butanol (4.57 nL, 50 mm1l) was
added. The m xture was stirred at atnospheric tenperature for
1.5 hours. Then, saturated sodi um carbonate aqueous sol ution
(50 nmL) was added thereto for hydrolysis. D chloronethane was
added thereto, and the organi c phase and the aqueous phase
wer e separated. The organi c phase was dried over anhydrous
sodium sul fate and then filtrated.

The obtained filtrate was anal yzed by H NVR, as a result,
it was confirnmed that the target formc acid ester was
produced with the yield of 60%to the used chloroform The

result is shown in Table 21.
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[ 0182]

Table 21
oHa CHQFI e Li nel\elllrxedRegsailSdence Phot or eacti on Substrate Tar get
3 .
t enp. - ield
* < vel ocity tinme np DMF  1-Butanol Y
7.4nL/mn 12.4nl/ mn 5 8
48. 8mmol (0.25 (0. 45 - m n 40s 90°C 100mmol  50mol 60%

mol /m n) mol /mn)

[0183]
Exanpl e 24: Synthesis of Vilsneier reagent and fornylating

reacti on by gas phase photoreaction

cHel, 192
/i\ jﬂ\ 1) aromatic
compound
H3C< ——— H3C 7 - > Ar-CHO
N" H N’ H T ) Nacos ag
CHj CHsj

The oxi dative phot odeconposition gas produced froma m xed
gas of chloroformgas at 7.4 nL/m n and oxygen gas at 12.4
nm./mn from5.37 g (45.0 mo1l) of chloroformwas blown into
the stirred DVF (3.9 nL, 50 nmmol) in the connected two-neck
eggpl ant flask at atnospheric tenperature for 3 hours using
the flow photoreaction systemsimlarly to Exanple 21. The
unreacted gas was supplied to the further connected al coho
trap and alkali trap in order not to be | eaked outside.

To the reaction m xture, 1-nethylpyrrole or 2-nethylfurane
(50 mmol) was added as an aromatic conpound. The m xture was
stirred at 70°C for 2 hours. Then, saturated sodi um carbonate
aqueous solution (100 nL) was added thereto for hydrolysis.
Wat er and di chl oromet hane were added thereto, and the organic
phase and the aqueous phase were separated. The organic phase
was dried over anhydrous sodium sulfate and then filtrated.
The solvent was renoved fromthe filtrate using an evaporat or,

and the target conpound was obtained by purification fromthe
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obt ai ned dark green oil by columm chromat ography with the

isolated yield of 98% or 74% The result is shown in Table 22.

[ 0184]
Tabl e 22
cHal mowree Li ne'\e/:rxedRegsEilsdence Phot or eacti on SUbS,;rr:rtT;ti c Tar get
3 CHO t enp. ield
8 © velocity time i DMV conpound y
7.ant/nin 12.4m/nin 100 ];;f?JPg
45. Onmol - 40 90°C %
(0.25 (0.45 m i n S mol 98%
: ; 50nmo
mol / m n) ol / mn)
7.4nL/nin 12. 4nl/ nin 2- Vet hyl
47. 7mol 5.8 40s 90°C 100 furane .
(0.25 (0. 45 m mn nmol
50nmo

mol / m n) ol / mn)

*:isolated yield

5 [0185]

Exanpl e 25: Synthesis of ester or carboxylic acid anhydride

hv 02 O
CHCl; ——2
/Rll
"o
R'—CO,H PyorDMF { =~ R"™OHorR"-CO,H | or
91
Rl)J\O Rll

The coil heater tenperature of the |ight flow system
schematical ly denonstrated in Figure 2 was adjusted to 90°C.
10 The oxidative photodeconposition gas produced from chl or of orm
gas (0.02 nL/mn) and oxygen gas (10 nL/mn) and the solution
injected fromthe syringe punp containing a carboxylic acid
and 5 tinmes anount by nole of pyridine or 1 tine anount by
nol e of DVF were m xed using a T-type m xer, and the m xture
15 was supplied to the PTFE tube reactor having the inner
di aneter of 2.4 nm the length of 2830 mm and t he vol une of
12.8 nL for a flow reaction. The product was blown into the
stirred chlorof ormsolution of an al cohol or a carboxylic acid

in a two-neck flask. The unreacted gas was supplied to the
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further connected alkali trap in order not to be | eaked
out si de.

The reaction m xture was anal yzed by 1H NVR after the
reaction; as a result, the ester or the carboxylic acid
anhydri de was produced with the yield shown in Table 23.

In addition, the reaction m xture was washed wth water,
and extraction was carried out using dichloronethane. The
extraction liquid was dried over anhydrous sodium sul fate, and
the solvent was distilled away under reduced pressure.

Further, the target conpound was purified by distillation
under reduced pressure or columm chromat ography. 1In the table,
“BA” is benzoic acid, “4-FBA’ is 4-fluorobenzoic acid, “PA" is

propionic acid, and “Py” is pyridine.

[ 0186]
Tabl e 23
Carboxylic acid solution Reaction vessel Pr oduct
cHa - : :
Entry 3 Car b0?<y| 'C Amount Base Sol vent Fl ow Al cohol Anount Sol vent Reacti on yield
aci d rate t enp.
1. 2nL 3. 66g CcHO, 12.5 10nL Ester
1 | 15mmol BA somol Y 15m mumin B g7pmo GO re 469
1. 2nL 3. 66 cHa 12.5 10nL Ester
. . g 3 . _ _ 0
2 |15mmol BA 3omol Y 1im nunmin TBIYY 100mol rt 90%
839%
1. 2nL 3. 669 CHd, 12.5 . 1. 52nL Ester
3 |1smmol BA somol Y qent mmin PO Sppg GO re 36%
1.2nL 2.8 9 1onL Ester
. R . og _ R _ 0
4 l1smol 4-FBA  Somol PV m/min T BU 1 09mol re >99%
849%
2. 4nL 3. 66 cHA 12.6 2.8 Ester
. . 669 3 . - 69 ° 0
5 |30mmol BA somol Y 11m mumin PP oomm @9 50°C 20%
20%
1.2nL 2.8 9 1.88 Ester
. ) . 8¢9 _ - 669 _ 0
6 15nmol 4-FBA 20mmol DIV nL/mn PhCH 20mol reflux 90%
849%
1. 2nL 2. 24nL cHA 9.25 10nL Ester
. . 3 . _ _ )
7 |15mol PA 3omol O gem nnin TBYIMY 100mol rt 78%
70%
Aci d
1. 2nL 3. 66g CHA 4 12 3. 669 anhydri de
6 |15mmol BA 3omol Y 1sm. nunin BA 30ml - rt 99%
849%

a:yield determined by NVR, b:isolated yield

[0187]
The ester or the carboxylic acid anhydride may be produced

by directly reacting the deconposed product of chloroformwth
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the carboxylic acid or generating a Vilsneier reagent fromthe
deconposed product of chloroformand DVF and reacting the

Vil sneier reagent with the carboxylic acid to produce a
carboxylic acid chloride, and further reacting the carboxylic
acid chloride with the al cohol or the carboxylic acid in the
coil reactor as the above-described result.

[0188]

Exanpl e 26: Synthesis of am de
hv, O
CHCl;, —=2_
O

MR

N
H

The coil heater tenperature of the |ight flow system

Py or DMF | R"-NH,

y >

R'-CO,H R

schematical ly denonstrated in Figure 2 was adjusted to 90°C.
The oxi dative phot odeconposition gas produced from chl orof orm
gas (2.4 nmL, 30 nmmol, 0.02 nL/m n) and oxygen gas (10 ni/m n)
and the solution injected fromthe syringe punp containing a
carboxylic acid and 5 tinmes anount by nole of pyridine or 1
time anount by nole of DVF were mi xed using a T-type m xer
and the m xture was supplied to the PTFE tube reactor having
the inner dianeter of 2.4 nm the |l ength of 2830 mm and t he
volune of 12.8 nL for a flow reaction. The product was bl own
into the stirred amne solution in a two-neck flask. The
unreacted gas was supplied to the further connected al kal
trap in order not to be | eaked outside.

The reaction mxture was anal yzed by IH NVR after the
reaction; as a result, the amide was produced with the yield
shown in Table 24.

In addition, the reaction m xture was washed wi th water,

and extraction was carried out using dichloronethane. The
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extraction liquid was dried over anhydrous sodium sul fate, and
the solvent was distilled away under reduced pressure.

Further, the target conpound was purified by recrystallization

as needed. In the table, “cHex-NH” is cycl ohexyllam ne.
5 [0189]
Table 24
Carboxylic acid solution Reaction vesse
Entry 8 Carboxyllc Anpunt Base Sol vent Fl ow Amine Amount Sol vent Reaction Vield
acid rate tenp
2. 4nL 3. 669 CHO 4 20 L 8. 22 75%
1 |30mmol BA  Sommol P 23mt mumin 2NN oo GOt 6898
2. 4nL 3. 669 CHd; 12.5 L 13. 7ni 75%
2 |30mmol BA  ommol P om msmin AMINe 5oy GOt 6898
2. 4nL 2.8g 9 L 9.1nL 75%
3 |30mol 4- FBA 20mmol  OVF - m/min @M1ine 560 ol G, rt 7108
2. 4nL 3. 669 CHO 5 20 cHex-  3.78mL
4 |30mol BA somol 7Y 23n. ni/min N4, 33mol OR9e rt 719%
2. 4 1. 49 CHO ;4 9 L 9.1nL o 90%
5 [30mmol PA Somol P et msmin 2NN ooy GHs o 50°C o

a:yield determined by NVMR, b:isolated yield

[ 0190]
The ami de nay be produced by directly reacting the
deconposed product of chloroformw th the carboxylic acid or
10 generating a Vilsneier reagent fromthe deconposed product of
chl orof orm and DVF and reacting the Vilsneier reagent with the
carboxylic acid to produce a carboxylic acid chloride and
further reacting the carboxylic acid chloride with the am ne
in the coil reactor as the above-described result.
15 [0191]

Exanpl e 27: Fornylation of aromatic conpound by Vil sneier

reagent
hv,0, DMF
CHC|3 >
_ | NaCO3 aq
Aromatic compound Ar — > Ar-CHO
(1) Fornylation of 1-nethyl pyrrole
20 The syringe punp 8-1 for injecting a reactive substrate and
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the tube reactor 17 having the inner dianmeter of 2.4 nmm the

| ength of 182 mm and the volune of 0.8 nmL were connected to
the fl ow photoreaction systemof Figure 1 for the continuous
reaction, and the syringe punp 8-2 for injecting a reactive
substrate and the tenperature-adjustable coil reactor 9 having
the inner dianmeter of 2.4 mm the length of 994 nm and t he
volume of 4.5 nL were further connected for the subsequent
conti nuous reaction as denonstrated in Figure 4.

The m xed liquid of DMF (2.32 ni, 30 mml) and chl or of orm
(7.8 nmL) was injected to the phosgene gas produced by the
conti nuous fl ow photoreaction systemfromthe syringe punp 8-1
for injecting a reactive substrate at the flow anount of 3.26
m/h simlarly to Exanple 1, and the m xture was supplied to
the tube reactor 17 for the reaction at roomtenperature. The
m xed liquid of 1-nethylpyrrole (2.66 nL, 30 mml) and
di chl oronmet hane (7.0 nL) was further injected fromthe other
syringe punp 8-2 for injecting a reactive substrate at the
flow amount of 3.2 nlL/h for total 3 hours. The m xture was
supplied to the coil reactor 9 for the reaction at room
t enper at ur e.

The product was injected into saturated sodi um carbonate
aqueous solution (50 nm.) in the two-neck flask as the recovery
vessel 10 connected to the outlet of the coil reactor, and the
m xture was stirred wth the bath tenperature of 0°C
Di chl oromet hane and water were added to the reaction m xture,
and the organi ¢ phase and the aqueous phase were separ at ed.
The organi ¢ phase was dried over anhydrous sodium sul fate and
then filtrated. Acetone (0.74 nL, 10 mmol) was added to the
obt ai ned dried organic phase as an internal standard material,

and the m xture was analyzed by 'H NMR, as a result, it was
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confirmed that 1-nethyl-1H pyrrol e carboal dehyde was produced
as the target conpound (yield to the used 2-nethyl pyrrole and
DVF: 539%) .
[0192]

(2) Fornylation of 2-nmethylfurane

The m xed liquid of DM (2.32 ni, 30 mmol) and chl orof orm
(7.8 nmL) was injected to the phosgene gas produced by the
conti nuous fl ow photoreacti on systemfromthe syringe punp 8-1
for injecting a reactive substrate at the fl ow anount of 3.26
m./h simlar conditions to Exanple 27(1), and the m xture was
supplied to the tube reactor 17 for the reaction at room
tenperature. The mxed liquid of 2-nethylfurane (2.32 nL, 30
mol ) and di chl oronet hane (7.0 nL) was further injected from
the other syringe punp 8-2 for injecting a reactive substrate
at the flow amount of 3.2 nL/h for total 3 hours. The mxture
was supplied to the coil reactor 9 for the reaction at room
t enper at ur e.

The product was injected into saturated sodi um carbonate
aqueous solution (50 nmL) in the two-neck flask as the recovery
vessel 10 connected to the outlet of the coil reactor, and the
m xture was stirred with the bath tenperature of 0°C
Di chl oromet hane and water were added to the reaction m xture,
and the organi c phase and the aqueous phase were separat ed.
The organi ¢ phase was dried over anhydrous sodium sul fate and
then filtrated. The obtained dried organi c phase was anal yzed
by ITH NVR, as a result, it was confirned that 5-nethyl-2-
fural dehyde was produced as the target conpound (conversion
ratio to the used 2-nethyl furane and DMF: 95%.

The solvent was distilled away fromthe above-descri bed

dri ed organi c phase, and the obtained residue was subjected to
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silica gel colum chromatography (eluent: dichloronethane) to
i solate the target conpound (yield to the used 2-nethyl furane
and DVF: 809% .

[ 0193]

Exanpl e 28: Sel ection of gas phase photoreacti on vessel

cHel; 192

O O O

1-BuOH N G- TR G

Cl O 1-Bu” O

The gas phase photoreaction was carried out using the

1-Bu

phot oreaction system schematically denonstrated in Figure 5.
Specifically, the reaction systemwas constructed by inserting
a quartz glass jacket in a cylindrical reaction vessel, and
further inserting a |ow pressure nercury |anp ("SUL-20P"

manuf actured by SEN Light, 20 W length of light emtting
part: 130 mm wavel ength: 185 to 600 nm peak wavel engt h:
184.9 nmand 253.7 nn) in the quartz gl ass jacket. The sizes
of the cylindrical reaction vessel as the outer tube and the
gquartz glass jacket as the inner tube are shown in Table 25.

Li quid chloroformand dried air of 20°C were supplied into
the coil heater 3 heated to 90°C at the flow anbunt shown in
Table 25 to be m xed and heated, and supplied to the
phot oreacti on vessel 12 for 2 hours. The tenperature of the
heater 13 for heating the photoreaction vessel was adjusted to
100°C.

The gas di scharged fromthe photoreaction vessel 12 was
blown into 1-butanol in the reaction vessel 16-1, and the gas
di scharged fromthe reaction vessel 16-1 was further bl own
into 1-butanol in the reaction vessel 16-2. 1In the reaction

vessel 16-1 and the reaction vessel 16-2, 1.5 to 2.0 tinmes by
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nol e of 1-butanol to the used chl orof ormwas respectively
added. The gas discharged fromthe reacti on vessel 16-2 was
further supplied into an alkali trap so that toxic gas was not
| eaked out si de.

To the reaction mxtures in the reaction vessel 16-1 and
the reaction vessel 16-2, 1,2-dichoroethane was added as an
i nternal standard after the reaction, and the m xture was
anal yzed by 'H NVR to determ ne the yield anmounts and the
yi el ds of the produced chloroform c acid ester and carboxylic
aci d anhydride. The anobunt of the produced phosgene was
calcul ated on the basis of the total thereof. The result is
shown in Table 25. The yield of phosgene in Table 25 is the

yield to the used chl orof orm

[0194]
Tabl e 25
CHA 5 AT M xed gas Experimental result
Entry Llf qu:Nd f(lae:)Sw Tot al flow Linear Residence Pngugﬁg Phosgene Unreact ed
anobunt anount vel ocity tinme phosg yield CHO 3
anount anount anount
Phot or eacti on vol unme:335nL [outer tube (960x2.4t) - inner tube (p30x1.5t)]
. 8.5n/mn 4. 59 100 0.071 36 o o
L 25. 15U/ min 0.31nmmol /min 37.5mol nl/mn mmn 167s mmol 98% 1%
. 34nL/ min 17.9¢9 100 0. 086 137 o o
2 100. 6uL/min 1.24mmol /mn 150mmol nl/mn mmn 138s nmol 92% 6%
Phot or eacti on vol ume:700nL [outer tube (980x2.5t) - inner tube (p30x1.5t)]
. 25m./ mn 11. 99 66. 6 0. 026 96 o o
3 67. luL/min 0.83mmol /min 100mmol ni/mn mMmn 432s mmol 96% 4%
. 56n/ m n 26.79 150 0. 059 201 o o
4 151pL/min 1.88mml /min 224mmol nmb/min mmin 192s mmol 90% 10%
Phot or eacti on vol ume:2450nL [outer tube (9140x2.5t) - inner tube (p30x1.5t)]
. 37nL/ mn 18. 79 100 0.011 149
5 100. 6uL/min 1.25mmol /mn 157mmol nl/mn mmn 1008s nmol 95% 5%
. 137nL/ mn 71. 09 400 0. 043 430 o o
6 402. 4pL/min 5mol / m n 595mmol nl/mn mMmn 252s mmol 72% 28%

[ 0195]

When the vol une of the photoreaction vessel is relatively
small, the anobunt of the chloroformto be injected should be
adjusted to be snall in order to maintain the phosgene yield
to be high and reduce unreacted chloroformdue to a short
residence tine of the mxed gas as the result shown in Table

25.
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Thus, the volune of the photoreaction vessel was adjusted
to be larger. As a result, the injectabl e anount becane | arger
and the yield amount of phosgene could be | arger, since the
residence tinme of the m xed gas becane |ong. But the anount of
the unreacted chloroformwas slightly increased, since there
m ght be an area to which high energy light was not
sufficiently irradiated.

[ 0196]

Exanpl e 29: Sel ection of gas phase photoreacti on vessel

cHely 192

O o O

PR TIE G §

Cl O 1-Bu” O

The gas phase photoreaction was carried out using the

1-BuOH v

v

1-Bu

phot oreacti on system schematically denonstrated in Figure 5.
Specifically, the reaction systemwas constructed by inserting
a quartz glass jacket of 30 x 1.5t and the length of 550 mm
in a cylindrical reaction vessel of @60 x 2.4t and the length
of 550 mm and further inserting a | ow pressure nercury | anp
(" SUL- 400" manufactured by SEN Light, 40 W length of |ight
emtting part: 380 mm wavel ength: 185 to 600 nm peak

wavel ength: 184.9 nmand 253.7 nn) in the quartz gl ass jacket.
The effective volune of the photoreaction vessel was 976 ni.

Li qui d chl or of orm and oxygen of 20°C were supplied to the
coil heater 3 heated to 150°C at the flow ambunt shown in
Tabl e 26 using the syringe punp 1 and the mass flow controller
2 (“MODEL8500MC" manufactured by KOFLOC) to be mi xed and
heat ed, and supplied to the photoreaction vessel 12 for 2
hours. The tenperature of the heater 13 for heating the

reaction vessel was adjusted to 100°C.

93



10

15

20

25

The gas di scharged fromthe photoreaction vessel 12 was
blown into 1-butanol in the reaction vessel 16-1, and the gas
di scharged fromthe reaction vessel 16-1 was further bl own
into 1-butanol in the reaction vessel 16-2. 1In the reaction
vessel 16-1 and the reaction vessel 16-2, 1.5 to 2.0 tinmes by
nol e of 1-butanol was respectively added to the used
chl oroform The gas discharged fromthe reaction vessel 16-2
was further supplied into an alkali trap so that toxic gas was
not | eaked out si de.

After the reaction, 1,2-dichloroethane was added as an
internal standard in the reaction mxtures in the reaction
vessel 16-1 and the reaction vessel 16-2, and the m xture was
anal yzed by IH NVR to determ ne the yield anbunts and the
yi el ds of the produced chloroform c acid ester and carboxylic
aci d anhydride. The anobunt of the produced phosgene was
calcul ated on the basis of the total thereof. The result is
shown in Table 26. The yield of phosgene in Table 26 is the

yield to the used chl orof orm

[ 0197]
Tabl e 26
CHO 3 At M xed gas Experinental result
Entry Liquid Gas Tot al flow Linear Residence ' oduced Phosgene Unreact ed
flow flow . . phosgene )
anount rate velocity tinme yield CHO 5
anmount anmount anmount
. 43ni/ m n 18. 49 100 0.25 133 o
L 0.101nt/mn 1.25mmol /mn 154mmol nmb/mn mmn 401s ol 86% ND
i 87nL/ mn 36. 29 100 0.31 273 o o
2 0.201nt/min 2.5mol/mn 303mol nb/min mMnMn 325s mmol 89% 0.2%

[0198]

The deconposition efficiency of chloroformcould be further
i nproved by using a long light source and thus irradiating
strong high energy light to the chl orof or mi oxygen-cont ai ni ng
gas for a long tine.
[0199]

Exanpl e 30: Sel ection of oxygen source
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The production efficiency of phosgene was tested simlarly
to Exanple 29 except that the reaction conditions were changed
as Table 27. Air was used as an oxygen source, air was dried
using a desiccant (“Silica Gel, Medium G anul ar, Blue”
manuf actured by FUJI FI LM Wako Pure Chem cal) in Entry 1, Entry
4 and Entry 5, air under the humdity of 60 to 80% during rain
was directly used in Entry 2, and the air derived froma dried

air tank was used in Entry 3. The result is shown in Table 27.

[ 0200]
Tabl e 27
CHO 5 Air flow M xed gas Experi mental result
Liqui d Gas armount . . Pr oduced
Ent
ntry flow 1 ow aTno;ue:]It (Oxygen flow vle-:: giia{ Restlid:ence phosgene Phoisegiedne Unr eact ed
anmount anount anount ) y anount y 8
Phot oreacti on volume:976nL [outer tube (p60x2.4t) - inner tube (p30x1.5t)]
0.201 87mL/ m n 304 0.2L/min 0.51 281 o o
L Ini/nin 2.5mmol/nin mol  (1.6mmol/nin)  mnin 201s ol 93% 0.1%
0.201 66nL/ mn 300 0.4L/mn 0. 89 272 o o
2 |minin 2. 5mol/nin  mol  (3.3mol/min)  minin 114s — 91% 1.7%
0. 201 66nmL/ m n 303 0.4L/ mn 0. 89 270 o o
3 |mUnin 2. 5mol/nin ol (3.3mol/nin)  mnin 114s ol 89% 5.3%
Phot oreacti on vol ume:2134nL [outer tube (p80x2.4t) - inner tube (p30x1.5t)]
301.8 118n/ m n 449 252/ m n 0.10 446 o o
4 |uUnin 3.75mol /nin mol (2. 1mol/min)  minin 201s ol 99.4%  0.4%
603.5 236nL/ m n 901 504nL/ m n 0.21 843 o o
5 |uUnin 7.5mol/nin  mol (4 1mol /min)  nimin 61s ol 93.5%  6.4%
[ 0201]

It was found as the result shown in Table 27 that sone
amount of water does not becone a problemas the deconposition
efficiency of chloroformand the phosgene yield were not
decreased even in the case where the air w thout drying was
used (Entry 2).

When the fl ow anpbunt of oxygen was snaller than the flow
amount of chloroform (Entry 1 and Entry 4), unreacted
chl oroformwas snall and the phosgene yield to chl orof orm was
hi gh.

Though the fl ow anobunt of oxygen was snaller than the flow
amount of chloroform the ratio of unreacted chl orof orm was

relatively large in Entry 5. The reason nmay be that the flow
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amounts of chloroformand air were large. But the efficiency
of Entry 5 is high, since the anbunt of the produced phosgene
was very large and the phosgene yield was also relatively high
in the case of Entry 5.
[0202]

Exanpl e 31: Sel ection of gas phase photoreacti on vessel

The gas phase photoreaction was carried out using the
phot oreacti on system constructed by connecting two gas phase
phot oreacti on vessels in series as schematically denonstrated
in Figure 6. Specifically, the photoreaction vessel 12-1 was
constructed by inserting a quartz glass jacket of 30 x 1.5t
in a cylindrical reaction vessel of ¢80 x 2.5t or ¢l40 x 2.5t,
and further inserting a |l ow pressure nercury |lanp ("SUL-20P"
manuf actured by SEN Light, 20 W length of light emtting
part: 130 mm wavel ength: 185 to 600 nm peak wavel engt h:
184.9 nmand 253.7 nn) in the quartz glass jacket. Also, the
phot oreacti on vessel 12-2 was constructed by inserting a
quartz glass jacket of 30 x 1.5t in a cylindrical reaction
vessel of o60x 2.5t, and further inserting the low pressure
mercury lanp in the quartz glass jacket. The reaction system
was constructed by connecting the photoreaction vessel 12-1
and the photoreaction vessel 12-2.

Li qui d chl or of orm and oxygen of 20°C were supplied to the
coil heater 3 heated to 90°C at the flow anount shown in Table
28 to be m xed and heated, and supplied to the photoreaction
vessel 12-1 for 2 hours. The tenperature of the heater 13 for
heati ng the photoreaction vessel 12 was adjusted to 100°C.

The gas di scharged fromthe photoreaction vessel 12-2 was
blown into 1-butanol in the reaction vessel 16-1, and the gas

di scharged fromthe reaction vessel 16-1 was further bl own
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into 1-butanol in the reaction vessel 16-2. In the reaction
vessel 16-1 and the reaction vessel 16-2, 1.5 to 2.0 tinmes by
nol e of 1-butanol was respectively added to the used

chl oroform The gas discharged fromthe reaction vessel 16-2
was further supplied into an alkali trap so that toxic gas was
not | eaked out si de.

After the reaction, 1,2-dichloroethane was added as an
internal standard in the reaction mxtures in the reaction
vessel 16-1 and the reaction vessel 16-2, and the m xtures
were anal yzed by H NVR to deternmine the yield anounts and the
yi el ds of the produced chloroformc acid ester and carboxylic
acid anhydride. The anobunt of the produced phosgene was
calcul ated on the basis of the total thereof. The result is
shown in Table 28. The yield of phosgene in Table 28 is the

yield to the used chl orof orm

[ 0203]
Tabl e 28
CHO 3 Ar flow M xed gas Experi mental result
Liquid Gas anmount . . Pr oduced
Entry 1 ow 1 ow aTnct))tua::t (Oxygen flow vlé: (r)]s?{ Rest|idn1nce phosgene Phc;segledne Unr eact ed
anount amount anount ) y anount Y 8
Phot or eact i on vol unme:700nL + 976nL
150.9 56nmL/ mn 26. 99 150nL/ m n 0.081 224 o o
L |uUnin 1.88mmol/min 225mol (1. 2mol /min)  ninin 459s ol 99.7%  0.3%
201.2 74/ m n 36. 1g 200nL/ m n 0. 108 298 0 o
2 |uUnin 2.5mmol/min 302mol (1.6mol/min)  ninin 345s ol 98.4%  1.6%
Phot or eacti on vol une:2450nL + 976nL
201.2 74/ m n 36. 1g 200nL/ m n 0.038 296 o o
3 |uUnin 2.5mwol/nin 302mmol (1.6mol/min)  mnin 704s ol 98. 0% 1%
[ 0204]

For exanple, it can be argued by conparing Entry 1 of
Exanple 30 with Entry 2 of Exanple 31 that chl oroform
conversion ratio, phosgene yield anmount and phosgene yield can
be i nproved by connecting two photoreaction vessels. 1In
addi ti on, when the m xed gas passes through the thin tube to
connect the first photoreaction vessel 12-1 and the second

phot oreacti on vessel 12-2, unreacted vaporized chl orof orm and
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oxygen are m xed nore honobgeneously and thus the oxidative
phot odeconposition of chloroformmay efficiently proceed in
t he second photoreaction vessel 12-2.
[ 0205]

Exanpl e 32: Sel ection of gas phase photoreaction vessel

The gas phase photoreaction was carried out using the
phot oreaction system schematically denonstrated in Figure 6.
Specifically, the photoreaction vessel 12-1 was constructed by
inserting a quartz glass jacket of 930 x 1.5t in a cylindrical
reaction vessel of ¢80 x 2.4t, and further inserting a low
pressure nercury lanp ("SUV-40D" manufactured by SEN Light, 40
W length of light emtting part: 380 mm wavel ength: 185 to
600 nm peak wavel ength: 184.9 nmand 253.7 nn) in the quartz
gl ass jacket. Al so, the photoreaction vessel 12-2 was
constructed by inserting a quartz glass jacket of 30 x 1.5t
in a cylindrical reaction vessel of @80x 2.5t, and further
inserting a | ow pressure nercury |anmp ("SUL-20P" manufactured
by SEN Light, 20 W length of light emtting part: 130 nm
wavel ength: 185 to 600 nm peak wavel ength: 184.9 nm and 253.7
nm in the quartz glass jacket. The reaction system was
constructed by connecting the photoreaction vessel 12-1 and
t he photoreaction vessel 12-2.

Li quid chloroformand dried air of 20°C were supplied to
the coil heater 3 heated to 150°C at the flow anpbunt shown in
Table 29 to be m xed and heated, and supplied to the
phot oreacti on vessel 12-1 for 2 hours. The tenperature of the
heater for heating the photoreaction vessel 12 was adjusted to
100°C.

The gas di scharged fromthe photoreaction vessel 12 was

blown into 1-butanol in the reaction vessel 16-1, and the gas

98



10

15

20

25

di scharged fromthe reaction vessel 16-1 was further bl own
into 1-butanol in the reaction vessel 16-2. 1In the reaction
vessel 16-1 and the reaction vessel 16-2, 1.5 to 2.0 tinmes by
nol e of 1-butanol was respectively added to the used

chl oroform The gas discharged fromthe reaction vessel 16-2
was further supplied into an alkali trap so that toxic gas was
not | eaked out si de.

After the reaction, 1,2-dichloroethane was added as an
internal standard in the reaction mxtures in the reaction
vessel 16-1 and the reaction vessel 16-2, and the m xtures
were anal yzed by H NVMR to determi ne the yield anounts and the
yi el ds of the produced chloroformc acid ester and carboxylic
acid anhydride. The anobunt of the produced phosgene was
calcul ated on the basis of the total thereof. The result is
shown in Table 29. The yield of phosgene in Table 29 is the

yield to the used chl orof orm

[ 0206]
Tabl e 29
CHCA , Ar M xed gas Experi mental result
i qui flowrate
Entry Liquid Gas Tot al Li near Residence Produced Phosgene Unreacted
flow fl ow anount (Ocygen vel oci t tine phosgene ield CHA
anount anount flow rate) Y anount y 8
448.2 210mL/mn 448nL/ m n 0.18 791 o o
L luunin 6. 7mol /min 892™M° 3 piiming mnin 249s ol 98.7%  0.1%
670.6 262m/mn 560nL/ mi n 0.23 1009 o o
2 |y min 8 3mol/min 2007MO 4 el /nin)  mimin 199s ol 99. 0% 1%
[ 0207]

It was found as the result shown in Table 29 that the
conversion ratio of chloroform and the yield anbunt and the
yi el d of phosgene are remarkably inproved by m xi ng chl or of orm
and the air containing oxygen at a nolar ratio of about 0.55
to the chlorof ormand subjecting the nmixed gas to a
phot odeconposition reaction. In addition, air may inhibit the
further deconposition of the produced phosgene by absorbi ng

excessive high energy light, especially ultraviolet |ight.
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[ 0208]
Exanpl e 33

)

PN

o O

The gas phase photoreaction was carried out using the

CHCb IHQOZ:PWOH

v

systemsimlar to the photoreaction systemas schematically
denmonstrated in Figure 5. Specifically, the photoreaction
system was constructed by inserting a quartz glass jacket
having the dianmeter of 30 mmin a cylindrical reaction vesse
havi ng the dianeter of 60 mmand the volunme of 1360 nL, and
further inserting a | ow pressure nercury |anmp ("Suv40 D"
manufactured by SEN Light, 40 W, ¢22.3 x 380 mm, wavelength:
185 to 600 nm peak wavel ength: 184.9 nmand 253.7 nm in the
quartz glass jacket. The irradiated |ight contai ned UV-C
havi ng the wavel ength of 185 nm and the wavel ength of 254 nm
and the illumnation intensity of the |ight having the

wavel ength of 185 nmat the position 5 nmaway fromthe center
of the lanp to the reaction mxture was 2.00 to 2.81 m~N cn?,
and the illumnation intensity of the |ight having the

wavel engt h of 254 nmwas 5.60 to 8.09 nmiWcn?. The total volune
of the cylindrical flow photoreaction device 12 was 976 ni.

Li quid chl oroform (450 mmol ) was supplied into the PTFE
tube having the inner diameter of 1 mmusing the syringe punp
1 at the flow amount of 0.2 nmbL/mn (2.5 mmol/mn), mxed with
the air of which flow anmbunt was adjusted to 200 nL/m n by the
air punp and the mass flow controller 2, and vaporized by the
heater 3 heated to 60°C to be supplied into the above-
descri bed fl ow photoreaction device 4. The m xed gas was

heated again in the fl ow photoreaction vessel by the heater 13
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attached to the bottom of the flow photoreaction device. The
tenperature of the heater was adjusted to 100°C. The |i near
velocity of the m xed gas in the photoreaction device could be
estimated at 0.18 mmn, and the residence tinme could be
estimated at 188 seconds.

Pyridine was injected into the stirred phenol (900 mml) in
the reaction vessel 16 using a syringe punp at the flow anount
of 0.52 nmL/mn (6.5 nmmol/m n), and the gas produced by
oxi dati ve phot odeconposition of the m xed gas of chl oroform
and air was blown thereinto at 0°C 3 hours. The unreacted gas
was supplied into the further connected alkali trap in order
not to be | eaked outside.

Then, the reaction mxture in the reaction vessel 16 was
washed with 1 M hydrochloric acid and water, and extraction
was carried out using dichloronethane. The obtained extract
was dried over anhydrous sodium sul fate, and the sol vent was
distilled away under reduced pressure to obtain white solid
di phenyl carbonate (yield anmount: 70.9 g, yield: 749%.

[ 0209]
Exanpl e 34

FsCS  OH CF; O CFy

CHel, %92 FiC R PP NP

F.C~ Y07 ~07 “CF,4

The gas phase photoreaction was carried out using the

phot oreacti on systemused in Exanple 33. Liquid chloroform
(450 mml ) was supplied into the PTFE tube having the inner
di aneter of 1 nmusing the syringe punp 1 at the fl ow anmount
of 0.2 nmb/mn (2.5 mol/mn), mxed with the air of which flow
anount was adjusted to 200 nL/mn by the air punp and the nass

flow controller 2, and vaporized by the heater 3 heated to
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60°C to be supplied into the fl ow photoreaction device 4. The
m xed gas was heated again in the fl ow photoreaction device 4
by the heater 13 attached to the bottom of the flow

phot oreacti on device. The tenperature of the heater was
adjusted to 100°C. The linear velocity of the m xed gas could
be estimated at 0.18 mmn, and the residence tine could be
estimated at 188 seconds.

Pyri dine was added to the stirred chl orof orm sol uti on of
HFI P (900 mmol ) in the reaction vessel 16 using a syringe punp
at the flow amount of 0.52 niL/mn (6.5 mMmuvol/mn), and the gas
produced by oxidative photodeconposition of the m xed gas of
chloroformand air was blown thereinto at 0°C 3 hours. The
unreacted gas was supplied into the further connected al kal
trap to be treated so that toxic gas was not | eaked outside.

Then, the reaction mxture in the reaction vessel 16 was
washed with 1 M hydrochloric acid and water, and anal yzed by H
NVR. As a result, it was confirmed that
bi s( hexaf | uor oi sopropyl) carbonate (BHFC) was produced wth
the yield of 85%

In addition, the washed reaction m xture was dried over
anhydr ous sodium sul fate, and colorless |iquid BHFC was
i solated by distillation (isolated yield anount: 88.0 g, 384
mmol, yield to HFIP: 549%.

[ 0210]
Exanpl e 35
| HsC. CHs ]
CHC, hv, O, _BPA, j)j\
0 O O/_/

Vapori zed chl or of orm was oxi dati vely phot odeconposed usi ng
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high energy light simlarly to Exanple 34.

The gas produced by oxidative photodeconposition of the
m xed gas of chloroformand air was blown into the stirred
chl orof orm sol uti on contai ni ng Bi sphenol A (BPA) (405 mmol)
and pyridine (2025 mml) in the reaction vessel 16 at 0°C for
3 hours. The unreacted gas was supplied into the further
connected alkali trap to be treated so that toxic gas was not
| eaked out si de.

Then, the reaction mxture in the reaction vessel 16 was
washed with 1 M hydrochloric acid and water, and extraction
was carried out using dichloronethane. The obtai ned extract
was dried over anhydrous sodiumsulfate, and the sol vent was
distilled away under reduced pressure to obtain white solid
pol ycarbonate (yield anount: 102 g, yield: 95%.

The produced pol ycarbonate was anal yzed by gel perneation
chr omat ography (GPC) to determ ne the nol ecular weight. The

result is shown in Table 30.

[ 0211]
Tabl e 30
Mv Mh MA/ Vh
21, 900 10, 100 2.16
[0212]
Exanpl e 36
FsCS  oH CF; O CF3

CHcl, %92, FsC : PP PN

F.c~ Y0~ Y0~ “CF,4

The gas phase photoreaction was carried out using the
systemsimlar to the photoreaction systemas schematically
denonstrated in Figure 5. Specifically, the photoreaction

system was constructed by inserting a quartz glass jacket
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having the dianeter of 30 mmin a cylindrical reaction vesse
havi ng the di aneter of 140 nm and the vol une of 2575 ni, and
further inserting a | ow pressure nercury |anp ("UVL20PH 6"
manufactured by SEN Light, 20 W, ¢24 mm x 120 mm, wavelength:
185 to 600 nm peak wavel ength: 184.9 nmand 253.7 nm in the
gquartz glass jacket. The light irradiated fromthe | ow
pressure nercury |lanp contained UV-C having the wavel ength of
185 nm and t he wavel ength of 254 nm and the illum nation
intensity of the light having the wavel ength of 185 nm at the
position 5 nmaway fromthe center of the lanp to the reaction
m xture was 2.00 to 2.81 mWcn®¥, and the illumnation intensity
of the light having the wavel ength of 254 nmwas 5.60 to 8.09
mV cn?. The total volunme of the cylindrical flow photoreaction
device 12 was 2450 ni.

Li quid chloroform (900 mmol ) was supplied into the PTFE
tube having the inner diameter of 1 mmusing the syringe punp
1 at the flow amount of 0.4 nmL/mn (5.0 mol/mn), mxed with
the air of which flow anbunt was adjusted to 200 nL/m n by the
air punp and the mass flow controller 2, and vaporized by the
heater 3 heated to 60°C to be supplied into the above-
descri bed fl ow photoreaction device 12. The m xed gas was
heated again in the fl ow photoreaction vessel by the heater 13
attached to the bottom of the flow photoreaction device. The
tenperature of the heater was adjusted to 100°C. The linear
velocity of the m xed gas in the photoreaction device could be
estimated at 0.046 mmn, and the residence tine could be
esti mated at 235 seconds.

The gas produced by oxidative photodeconposition of the
m xed gas of chloroformand air was blown into the stirred

chl or of orm sol uti on contai ning HFIP (1200 mmol ) and pyri di ne
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(1800 mmmol ) in the reaction vessel 16 at 0°C 3 hours. The
unreacted gas was supplied into the further connected al kal
trap to be treated so that toxic gas was not | eaked outsi de.

Then, the reaction mxture in the reaction vessel 16 was
washed with 1 M hydrochloric acid and water, and anal yzed by 1H
NVR. As a result, it was confirmed that
bi s( hexaf | uor oi sopropyl) carbonate was produced (yield anmount:
588 mmol, yield: 989%.
[ 0213]

Exanpl e 37: Deconposition of chloroformby visible |ight

O O
CHCl; hv, O  n-BuOH | n-Bu\O)J\CI + n—Bu\O)kO/n—Bu

The chl orof orm product (500 nlL) that contained ethanol as a

stabilizing agent was washed with distilled water and then the
chl orof orm | ayer and the aqueous | ayer were separated. This
procedure was repeated 3 tines. The chloroformlayer was dried
over anhydrous sodi um sul fate, and the anhydrous sodi um

sul fate was renoved by filtration. Calciumhydride (1 g) was
added, and the m xture was stirred at 30°C overnight. Then,
chloroformthat did not contain the stabilizing agent was
obt ai ned by distillation.

The gas phase photoreaction was carried out using the
systemsimlar to the photoreaction systemas schematically
denonstrated in Figure 5. Specifically, the photoreaction
system was constructed by inserting a quartz glass jacket of
©30 x 1.5t in a cylindrical reaction vessel of 140 x 2.5t,
inserting a |low pressure nercury |anp ("UVL20PH 6"
manufactured by SEN Light, 20 W, ¢©24 mm x 120 mm, wavelength:
185 to 600 nm peak wavel ength: 184.9 nm and 253.7 nm in the

quartz glass jacket, and further placing 365 nm LED | anp
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(“LKI-152” manufactured by Polarstar, 30 W light emtting
part: 250 x 150 mm peak wavel ength: 365 nn) at about 1 cm
position away fromthe outside of the cylindrical reaction
vessel. The effective volune of the inside of the

phot oreaction device 12 was 2.5 L. The illum nation intensity
of the light at the 5 mm position away fromthe used LED | anp
was 34 to 38 mWcn?.

The liquid chloroformfromwhich the stabilizing agent was
renoved as descri bed above and oxygen of 20°C were supplied to
the coil heater 3 heated to 110°C using the syringe punp 1 and
the mass flow controller 2 (“MODEL8500MC’ manufactured by
KOFLOC) at the flow amount shown in Table 31 to be m xed and
heated. The m xed gas was supplied to the photoreaction vesse
12 for 2 hours. The tenperature of the heater 13 for heating
the reaction device was adjusted to 100°C.

Visible light was irradiated to the m xed gas in the
phot oreacti on device 12 using the LED |l anp only or visible
light was irradiated using the LED lanp for 5 mnutes and then
U-C light was additionally irradiated using the | ow pressure
mercury lanp for 1 mnute and only visible |ight was
i rradi at ed agai n.

The gas di scharged fromthe photoreaction vessel was bl own
into 1-butanol in the reaction vessel 16-1, and the gas
di scharged fromthe reaction vessel 16-1 was further bl own
into 1-butanol in the reaction vessel 16-2. 1In the reaction
vessel 16-1 and the reaction vessel 16-2, 2.0 tines by nole of
1- but anol was respectively added to the used chloroform The
gas di scharged fromthe reaction vessel 16-2 was further
supplied into an alkali trap to be treated so that toxic gas

was not | eaked out si de.
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After the reaction, 1,2-dichloroethane was added as an
internal standard in the reaction mxtures in the reaction
vessel 16-1 and the reaction vessel 16-2, and the m xture was
anal yzed by 'H NVR to determ ne the yield anmounts and the
yi el ds of the produced chloroformc acid ester and carboxylic
acid anhydride. The anobunt of the produced phosgene was
cal cul ated on the basis of the total thereof. The result is
shown in Table 31. The yield of phosgene in Table 31 is the

yield to the used chl orof orm

[ 0214]
Tabl e 31
CHO 3 Ar flow M xed gas Experinental result
Liquid Gas anmpunt . ; Irradiated Produced
Ent X
Y ow f1ow Total = (oygen flow Linear Residence " \jon. " o cqane Phosgene Unreacted
anount vel ocity time yield CHd ;
anpunt amount amount ) amount
402.4 157m/mn 67.2mL/ mn 0. 016 Vi sible 460 o o
1 unin 5 ommol /nin 8% 5 gmminin minin 696s i ght ol 76% 23%
Vi sible
402.4 157m/min 67.2mL/ mn 0. 016 I'i ght 466
2 puL/ min 5. 0nmmol /min 603mol 2.8mml /mn nmmn 696s + mmol 78% 21%
w
212.4 79/ min 33.6n/mn 0. 008 Vi si bl e 185
8  Wmin 2.5mwol/nin 30T 4wl ihing mmin o 13868 i ght ol 61% 36%
Vi si bl e
212.4 79/ min 33.6n/mn 0. 008 I'i ght 260
4 puL/ min 2. 5mol /min 313mmol 1.4mol /mn nmmn 1386s + mmol 83% 16%
w
[ 0215]

When chloroformthat did not contain a stabilizing agent
was used, the amount of an unreacted chl orof orm was sonmewhat
i ncreased but chl orof orm coul d be deconposed and phosgene
coul d be produced even by visible light as the result shown in
Tabl e 31. The reason why chl orof orm was deconposed and
phosgene was produced by irradiating Iight of which energy was
relatively |ow may be that chloroformdid not contain a
stabilizing agent and the oxidative photodeconposition
reaction was carried out in the gas phase.

In addition, the yield anbunt and the yield were increased
and the anmount of the unreacted chl orof ormwas decreased by

irradiating ultraviolet [ight for a short tinme in addition to
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visible light at the early stage of the oxidative

phot odeconposition reaction. The reason may be that the CC
bond was cl eaved by high energy ultraviolet |ight and then the
oxi dati ve phot odeconposition reaction of chloroform progressed
by radi cal chain mechanismeven by using visible light only

t hereafter.

EXPLANATI ON OF REFERENCES
[ 0216]
1. Syringe punp, 2: Mass flow controller, 3. Heater,
4. Fl ow photoreaction device, 5: Back pressure regul ator,
6: Reaction vessel, 7: Trap vessel,
8: Syringe punp for injecting reaction substrate,
9: Coil reaction device, 10: Recovery vessel,
11: Light source, 12: Photoreaction device, 13: Bath,
14: Stirring bar, 15: Cooling condenser,

16: Reaction vessel, 17: Tube reactor
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CLAI M5
1. A nethod for producing a carbonyl halide, conprising the
steps of:
preparing a m xed gas conpri sing oxygen and a hal ogenat ed
nmet hane havi ng one or nore hal ogeno groups selected fromthe
group consisting of chloro, brono and iodo, and
flow ng the m xed gas and irradiating a high energy |ight

to the fl owed m xed gas.

2. The nethod according to claim1l, wherein a shortest
di stance froma |ight source of the high energy light to the

flowed m xed gas is 1 mor |ess.

3. The nethod according to claiml1l or 2, wherein tine to
irradiate the high energy light to the flowed mxed gas is 1

second or nore and 10000 seconds or | ess.

4. The method according to any one of clains 1 to 3, wherein a
tenperature during the irradiation of the high energy light to

the flowed m xed gas is 40°C or higher and 200°C or | ower.

5. A nethod for producing a fluorinated carbonate conpound,
conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting a fluorinated al cohol conpound and the carbonyl
hal i de,

wherein a nolar ratio of the fluorinated al cohol conpound

to the hal ogenated nethane is adjusted to 1 or nore.
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6. A nethod for producing a non-fluorinated carbonate
compound, conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting a non-fluorinated al cohol conpound and the
carbonyl hali de,

wherein a nolar ratio of the non-fluorinated al coho

conmpound to the hal ogenated nethane is adjusted to 1 or nore.

7. A nethod for producing a hal ogenated formc acid
fluorinated ester conpound, conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting a fluorinated al cohol conpound and the carbonyl
hal i de,

wherein a nolar ratio of the fluorinated al cohol conpound

to the hal ogenated nethane is adjusted to |less than 1.

8. A nethod for producing a hal ogenated form c acid non-
fluorinated ester conpound, conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting a non-fluorinated al cohol conpound and the
carbonyl hali de,

wherein a nolar ratio of the non-fluorinated al coho
compound to the hal ogenated nethane is adjusted to | ess than

1.

9. A nethod for producing an isocyanate conpound, conprising

the steps of:
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produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting a primry am ne conpound and the carbonyl hali de,

wherein a nolar ratio of the primary am ne conpound to the

hal ogenated nethane is adjusted to | ess than 1.

10. A nethod for producing an am no aci d-N-carboxylic
anhydri de, conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting an amno acid conpound represented by the
followng formula (VI1) and the carbonyl halide,

wherein the am no aci d-N-carboxylic anhydride is

represented by the followng formula (VII1):

@)
RY _CO,H R?
@)
5,NH ( VIT ) /NK ( VIIT )
R R5 )
wher ei n

R* is an am no acid side chain group wherein a reactive
group is protected,

Ris Hor PL-[-NHCHR-C(=0) -]i1- wherein R is an am no acid
side chain group wherein a reactive group is protected, Pl is a
protective group of the amno group, | is an integer of 1 or
nore, and when | is an integer of 2 or nore, a plurality of R6

may be the sane as or different fromeach other.

11. A nmethod for producing a Vil sneier reagent,

wherein the Vilsneier reagent is a salt represented by the
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following formula (X):
R__X

R "R (X))
wher ei n

R” is a hydrogen atom a Ci.¢ al kyl group or an optionally
substituted Gs.12 aromati ¢ hydrocarbon group,

Ré and R° are independently a C.e al kyl group or an
optionally substituted GCs.12 aromati ¢ hydrocarbon group, or R8
and RR. may forma 4 or nore and 7 or |ess-nenbered ring
structure together with each other,

X is a hal ogeno group selected fromthe group consisting of
chl oro, brono and i odo,

Y- is a counter anion,

conprising the steps of:

produci ng a carbonyl halide by the nethod according to any
one of clainms 1 to 4, and

reacting the carbonyl halide and an am de conpound

represented by the followng formula (IX):

O

JL _R®

.
R N\R9 (IX)

wherein R” to R® have the sane neanings as the above.
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