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(57) Abstract: The present invention relates to a compound for detecting phosgene and DCP (diethyl chlorophosphate) and a com-
position for detecting phosgene and DCP (diethyl chlorophosphate) comprising the said compound. More precisely, the compound
for detecting phosgene and DCP of the present invention can selectively detect phosgene and DCP either in the liquid phase of gas
phase by detecting the changes of fluorescence and color development very quickly within a few seconds with nM sensitivity. There-
fore, the compound can also be effectively used as an ingredient for the composition and kit for the detection of one or more materi -
als selected from the group consisting of phosgene and DCP.
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Description
Title of Invention: COMPOUND AND COMPOSITION FOR
DETECTING PHOSGENE AND DIETHYL

CHLOROPHOSPHATE
Technical Field

The present invention relates to a compound and a composition for detecting

phosgene and DCP (diethyl chlorophosphate).

Background Art

Phosgene is a highly toxic gas which is colorless at room temperature. Phosgene sits
in top 10% of the most toxic materials. It has also been known as a notorious chemical
warfare agent (CWA) since it killed more than 100,000 people as a chemical weapon
during World War I.

Once exposed on phosgene, the respiratory system is severely damaged, leading to
the disease such as noncardiogenic pulmonary edema and emphysema and even death.
Unlike other chemical warfare agents such as Sarin, Soman, Taburn, and DCP (diethyl
chlorophosphate), phosgene has a latent period with no apparent symptoms, during

which pulmonary edema is developed due to its unique toxicity that leads to death.

There is no method to detect patients exposed on phosgene at the latent stage or to
determine the possibility of the development of pulmonary edema thereby. The
production of Sarin, Soman, and Taburn is limited by law but phosgene is widely used
in industry and used as a starting material for the production of other compounds, in-
secticides, pharmaceuticals and isocyanate-based polymers. Therefore, there is a
relatively high chance of a disaster occurring due to the exposure by an accident or
other routes.

So, human lives can be damaged or lost by intentionally induced exposure on
phosgene through war or terror or massive civil damage can be induced by the
exposure through an industrial accident, making phosgene a highly dangerous material.

Therefore, it is very important to detect phosgene fast and accurately for protecting
human lives. It is also necessary to develop a method to detect phosgene selectively

from other gases or CWAs.

[10] Sensors are under development to detect CWA by detecting the changes of fluo-

rescence or color development (Santu Sarkar and Raja Shunmugam. Chem. Commun.,

2014, 50, 8511-8513). It is still requested to develop a fluorescent chemical sensor or
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color sensor to detect CWA faster and more sensitively within a few seconds.
Moreover, a sensor to detect a target material from other CWAs or gases has not been

developed yet.

Thus, the present inventors have been studied to develop a method to detect
phosgene selectively fast and accurately within a few seconds by detecting the changes
of fluorescence or color development. In the course of the study, the present inventors
confirmed that the compound of the present invention can detect phosgene and DCP
(diethyl chlorophosphate) fast and accurately within a few seconds at even nM unit by
screening the changes of fluorescence and color development and can detect phosgene
and DCP selectively from other CW As or gases, leading to the completion of the

present invention.

Disclosure of Invention
Technical Problem

It is an object of the present invention to provide a compound for detecting phosgene
and DCP (diethyl chlorophosphate).

It is another object of the present invention to provide a method for the preparation of
the compound above.

It is also an object of the present invention to provide a composition for detecting
phosgene comprising the said compound above.

It is further an object of the present invention to provide a composition for the
detection of DCP (diethyl chlorophosphate) comprising the said compound above.

It is also an object of the present invention to provide a kit for the detection of one or
more compounds selected from the group consisting of phosgene and DCP (diethyl
chlorophosphate) which comprises the said compound above.

It is also an object of the present invention to provide a method for the detection of
one or more compounds selected from the group consisting of phosgene and DCP

(diethyl chlorophosphate) by using the detection kit above.

Solution to Problem
To achieve the above objects, the present invention provides a compound represented
by formula 1 below.

[Formula 1]
e
an

A
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In the formula 1,

Ais - , ,

R1

R'is -H, C, o straight or branched alkyl, C, o straight or branched alkoxy, or 4-7
membered heterocycloalkyl containing 1-3 hetero atoms selected from the group
consisting of N, O, and S; and

R?, R? and R* is independently -H, C, |, straight or branched alkyl, or C, j, straight or
branched alkoxy.

The present invention also provides a method for preparing the compound rep-
resented by formula 1 containing the step of reacting the compound represented by A-
LG with the compound represented by formula 2 to give the compound represented by
formula 1 (step 1) as shown in the below reaction formula 1.

[Reaction Formula 1]

STEP 1

H,N

H->N : H,N
A-LG 2 .~ :I::j
HN

I
A

In the reaction formula 1, A is as defined in formula 1 of claim 1; and

LG is =0, =S or halogene.

Further, the present invention provides a composition for detecting phosgene
comprising the compound represented by formula 1.

The present invention also provides a composition for the detection of DCP (diethyl
chlorophosphate) comprising the compound represented by formula 1.

The present invention also provides a kit for the detection of one or more compounds
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selected from the group consisting of phosgene and DCP (diethyl chlorophosphate)

comprising the compound represented by formula 1.
The present invention also provides a method for the detection of one or more

compounds selected from the group consisting of phosgene and DCP (diethyl
chlorophosphate) comprising the following steps:

contacting the detection kit of the invention with the sample to be analyzed (step 1);
and

evaluating the changes of fluorescence or absorption properties of the compound rep-

resented by formula 1 included in the detection kit after the contact of step 1 (step 2).

Advantageous Effects of Invention

The compound for detecting phosgene and DCP (diethyl chlorophosphate) of the
present invention can selectively detect phosgene and DCP (diethyl chlorophosphate)
either in the liquid phase or gas phase by detecting the changes of fluorescence and
color development very quickly within a few seconds with nM sensitivity. Therefore,
the compound can be effectively used as a composition for the detection of one or
more compounds selected from the group consisting of phosgene and DCP (diethyl

chlorophosphate).

Brief Description of Drawings

The application of the preferred embodiments of the present invention is best un-
derstood with reference to the accompanying drawings, wherein:

Figure 1(a) is a graph illustrating the fluorescence spectrum of the compound of
example 1 of the invention according to the concentration of phosgene.

Figure 1(b) is a graph illustrating the absorption spectrum of the compound of
example 1 of the invention according to the concentration of phosgene.

Figure 2(a) is a graph illustrating the fluorescence spectrum of the compound of
example 1 of the invention according to the concentration of DCP (diethyl
chlorophosphate).

Figure 2(b) is a graph illustrating the absorption spectrum of the compound of
example 1 of the invention according to the concentration of DCP (diethyl
chlorophosphate).

Figure 3(a) is an image illustrating the changes of fluorescence resulted from the
exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of fluo-

rescence in there.
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Figure 3(b) is an image illustrating the changes of color development resulted from
the exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of

color development in there.
Figure 4 is a photograph illustrating the experimental step to contact the filter-paper

retaining the compound of example 2 with 0.8 mg/L of phosgene.

Figure 5 is a photograph illustrating the experimental step to contact the filter-paper
retaining the compound of example 2 with § mg/L of phosgene.

Figure 6 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 without the exposure on phosgene, photographed at 365 nm.

Figure 7 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 0.8 mg/L of phosgene, photographed at 365
nm.

Figure 8 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 8 mg/L of phosgene, photographed at 365 nm.
Figure 9 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 without the exposure on phosgene, photographed at 365

nm.

Figure 10 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 which was exposed on 0.8 mg/L of phosgene, pho-
tographed at 365 nm.

Figure 11 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 which was exposed on 8 mg/L of phosgene, photographed
at 365 nm.

Figure 12 is photographs illustrating the fluorescence characteristics of the silica gel
containing the compound of example 2 after the treatment of O(a), 3(b) and 30(c) ug
triphosgene.

Figure 13(a) is a graph illustrating the fluorescence spectrum of the compound of
example 2 of the invention according to the concentration of phosgene.

Figure 13(b) is a graph illustrating the absorption spectrum of the compound of

example 2 of the invention according to the concentration of phosgene.

Best Mode for Carrying out the Invention
Practical and presently preferred embodiments of the present invention are il-
lustrative as shown in the following Examples.

However, it will be appreciated that those skilled in the art, on consideration of this
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disclosure, may make modifications and improvements within the spirit and scope of

the present invention.

<Preparative Example 1> Preparation of o-
henvlenediamine-pyronine(N-(9-(2-aminophenvlamino)-6-(dimethylamino)-9.9a-dih

ydroxandene-3-ylidene)-N-methylmethanaminium)

HzN\I/\J
|
HNT X
R R R / "2 )k R PN
ji DGO T
SN N g S e X « /v\

Step 1: Preparation of N-(6-(dimethvlamino)-9-0x0-9.9a-dihvdroxandene -

3-ylidene)-N-methylmethanaminium

N-(6-(dimethylamino)-3H-xandene-3-ylidene)-N-methylmethanaminium was reacted
with KCN for 18 hours, reacted with FeCl;/HCI for 12 hours, and then reacted with
NaHCO:;, resulting in the preparation of N-

(6-(dimethylamino)-9-0x0-9,9a-dihydroxandene-3-ylidene)-N-methylmethanaminium.

Step 2: Preparation of N-(9-(2-aminophenylamino)-6-(dimethylamino

)-9.9a-dihydroxandene-3-ylidene)-N-methylmethanaminium

The compound prepared in step 1 above was reacted with Tf,O and then reacted with
benzene-1,2-diamine to give N-
(9-(2-aminophenylamino)-6-(dimethylamino)-9,9a-dihydroxandene-3-ylidene)-N-meth
ylmethanaminium (yield: 40%).

<Example 1> Preparation of Compounds for Detecting Phosgene and DCP 1

Step 1: Preparation of N-(6-(dimethylamino)-9-thioxo -

9 9a-dihvdroxandene-3-vlidene)-N-methvlmethanaminium

S

\N = o N \N+/

THF (40 ml) containing t-BuOK (0.56 g, 3 eq) was added to the solution containing
Pyronine Y (N-(6-(dimethylamino)-3H-xandene-3-ylidene)-N-methylmethanaminium)
(0.5 g, 1.65 m mol) and sulfur (0.79 g, 15 eq). The reaction mixture was refluxed for
10 hours. Termination of the reaction was confirmed by TLC. Then, the reaction
mixture was cooled down at room temperature and filtered. Silica gel column chro-

matography was performed with the residue (eluent, PE:DCM, 1:1) to give the target
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compound as a yellow solid (yield: 50%).

'H NMR (300 MHz, CDCl;), 6: 8.70 (d, J =9.2 Hz, 2H), 6.75 (dd, ] = 9.2, 2.3 Hz,
2H), 6.43 (d, J =2.3 Hz, 2H), 3.13 (s, 12H). BC NMR (75 MHz, CDCl3), &: 196.26,
154.58, 153.03, 131.80, 120.07, 110.52, 96.06, 40.24. ESI-MS: Calcd. for 299.11;
Found 299.20.

Step 2: Preparation of N-(9-(2-aminophenylamino)-6-(dimethylamino

-9.9a-dihydroxandene-3-vlidene)-N-methylmethanaminium
S HN
R I A A

90 ul (2 eq) of Tf,O was added drop by drop to the anhydrous CH,Cl, solution (10

ml) containing 80 mg (0.268 m mol) of the compound prepared in step 1 above

dissolved therein. The reaction mixture was well mixed with stirring at room tem-
perature for 10 minutes. 0.29 g (10 eq) of o-phenylenediamine solution was added to
the reaction mixture above, followed by stirring for 10 more hours. Then, CH,Cl, was
eliminated under reduced pressure. The solid residue was purified by silica gel chro-
matography (eluent, EA:DCM, 1:2) to give the target compound as a yellow solid
(yield: 80%).

'H NMR (300 MHz, MeOD), 6: 7.78 (d, ] =9.5 Hz, 2H), 7.25 (m, 1H), 7.09 (dd, J =
7.8,1.4 Hz, 1H), 6.96 (dd, J =7.8, 1.4 Hz, 1H), 6.81 (dd, J =3.9, 1.9 Hz, 1H), 6.76 (m,
2H), 6.71 (d, J =2.5 Hz, 2H), 3.18 (s, 12H). BC NMR (75 MHz, MeOD), 6: 157.01,
155.46, 154.03, 147.21, 143.91, 129.31, 126.98, 126.52, 117.72, 116.26, 110.67,
102.83, 96.68, 38.80. ESI-MS: [M]+Calcd. for 372.20; Found 372.30.

<Example 2> Preparation of Compounds for Detecting Phosgene and DCP 2
H,N
: 0
HN
Y oo
H I o-phenylenediamine
— " .0

o Pd{(OAc}),, K,CO,

To a solution of 4-bromo-1,8-naphthalene anhydride (1.38 g, 5.0 mmol) in anhydrous
EtOH (20.0 ml) at room temperature was added 4-(2-aminoethyl)morpholine (715 mg,
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5.5 mmol). After refluxing for 4 h, the reaction mixture was cooled and filtered to give
4-bromine-1,8-naphthalimide. This naphthalimide(389 mg, 1.0 mmol) and o-
phenylenediamine(540 mg, 5.0 mmol) were dissolved in anhydrous DMF (20 mL),
Subsequently, K2CO3 (550 mg, 4 mmol) and Pd(OAc) (44 mg, 2 mmol) was added
under nitrogen. The reaction was then refluxed overnight. The solvent DMF was then
removed under vacuum. The crude product was treated with water, extracted with
dichloromethane and dried over anhydrous MgSO4. The organic layer was removed
and the residue was purified by column chromatography to give 0.18 g of product
(yellow solid, 43%).

'H NMR (CDCl;, 300MHz) & (ppm) = 8.59 (m, 1H), 8.35 (d, 1H), 8.28 (d, 1H), 7.69
(m, 1H), 7.17 (m, 2H), 6.92-6.77 (m, 2H), 6.67 (d, 1H), 6.53 (s, 1H), 4.37-4.23 (m,
2H), 3.79 (s, 2H), 3.71-3.88 (m, 4H), 2.72-2.61, 2H), 2.57 (s, 4H). 13C NMR (75
MHz, CDCl;) 6 = 164.51, 163.89, 147.49, 142.82, 133.96, 131.31, 128.32, 127.44,
126.22, 125.32, 124.50, 123.21, 120.74, 119.50, 116.75, 112.30, 107.75, 67.02, 56.23,
53.80, 36.98. HRMS (ESI) m/z = 417.1718 [M + HJ*, calcd for Co.H,sN4O,=417.1927.

<Example 3> Preparation of Compounds for Detecting Phosgene and DCP 3

. : )
NN "

| T EtOH | o-phenylenediamine
NH2—> P L
J//\//\\L/ NN reflux Pd(oAC)z, KzCOs ‘ AN AN
DMF, reflux PN
(¢] N~ O ’
o” O "0

s ra

To a solution of 4-bromo-1,8-naphthalene anhydride (1.38 g, 5.0 mmol) in anhydrous
EtOH (20.0 ml) was added butylamine (480 mg, 5.5 mmol) at room temperature. After
refluxing for 4 h, the reaction mixture was cooled and filtered to give 4-bromine-I,
8-naphthalimide. This naphthalimide (540 mg, 5.0 mmol) and o-
phenylenediamine(540 mg, 5.0 mmol) were dissolved in anhydrous DMF (20 mL),
Subsequently, K2CO3 (550 mg, 4 mmol) and Pd(OAc) (44 mg, 2 mmol) under
nitrogen. The reaction was then refluxed overnight. The solvent DMF was then
removed under vacuum. The crude product was treated with water, extracted with
dichloromethane and dried over anhydrous MgSO4. The organic layer was removed
and the residue was purified by column chromatography to give 0.11 g of product
(yellow solid, 61%).

'H NMR (DMSO-d¢, 300MHz) 6 (ppm) =9.01 (s, 1H), 8.91-8.88 (m, 1H), 8.50-8.47
(m, 1H), 8.20 (d, J = 8.6Hz, 1H) , 7.78-7.73 (m, 1H), 7.09 (t, ] = 7.2Hz, 2H), 6.88-6.84
(m, 1H), 6.69-6.63 (m, 1H), 6.41 (d, J =8.5Hz, 1H ), 5.04 (s, 2H), 4.16-3.89 (m, 2H),
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1.58 (d, J =7.5Hz, 2H), 1.47-1.19 (m, 2H), 0.92 (t, J = 7.3Hz, 3H) ; C NMR DMSO-
de, 0 =164.47, 163.63, 150.48, 145.65, 134.54, 131.47, 130.23, 130.05, 128.82,
128.44, 125.14, 123.99, 122.55, 121.34, 117.19, 116.35, 109.79, 107.01, 55.61, 30.53,
20.51, 14.46. HRMS (ESI) m / z = 360.1706 [M + HJ*, calcd for C,,H,sN,O; =

360.1712.
[93]
[94] <Example 4> Preparation of Compounds for Detecting Phosgene and DCP 4
[95] HZN

Br
| Ry EtOH o-phenylenediamine
= /j * g N Pd(OACc),, K2CO3 ﬁ
DMF, reflux
0”0 o
C4H9
C4Hg

[96] The target compound was prepared by conducting the same synthesis as in Example

3 except that hexylamine was used instead of the butylamine used in Example 3.
[97]
[98] <Example 5> Preparation of Compounds for Detecting Phosgene and DCP 5
[99]

S O H,N

| | =
Z#~c00 —
\f Phosphorus oxychloride o-phenylenediamine,Et;N
X, 1) /j/ m 0 o
AN < - /\N - ™ N N/\

[100] To a solution of rhodamine B base (1.01 g, 2.3 mmol) in dry 1,2-dichloroethane (8.0

mL) at room temperature was added phosphorus oxychloride (6.9 mmol) over a period

of 5 min. After being stirred at reflux for 4 h, the mixture was cooled and concentrated
under vacuum to give the crude rhodamine B acid chloride. A solution of the acid
chloride in dry acetonitrile (10 mL) was added dropwise to a solution of o-
diaminobenzene (14 mmol) in dry acetonitrile (6.0 mL) containing triethylamine (8.0
mL). After being stirred for 4 h at room temperature, the mixture was concentrated
under vacuum, and the residue was subjected to column chromatography to give target
compound as a white solid in 83% yield.

[101] 'H NMR (CDCl,;, 300MHz) 6 (ppm) : 8.03-8.05 (m, 1H); 7.53-7.60 (m, 2H);
7.25-7.27 (m, 1H); 6.94 - 6.99 (m, 1H); 6.68 (d, J = 8.7Hz, 2H); 6.58 (dd, ] =7.8Hz, J
= 1,2Hz, 1H); 6.40-6.46 (m, 1H); 6.31 (d, J = 8.7Hz, 2H); 6.28 (b, 2H); 6.10 (dd, J =
8.1Hz, J = 1.5Hz, 1H); 3.44 (s, 2H); 3.35 (q, J = 6.9Hz, 8H); 1.16 (t, J =7.2Hz, 12H).
BC NMR (CDCl;, 75SMHz) 6 (ppm) : 166.63, 161.22, 154.20, 152.66, 149.15, 144.75,
132.81, 129.03, 128.97, 128.85, 128.55, 124.51, 123.66, 122.46, 118.43, 117.23,
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108.21, 98.28, 68.27, 44.60, 31.15, 12.76. HRMS (ESI) m/z calcd for C;,H;6N,O, [M +
H]+ 533.2565. Found 533.2838.

<Example 6> Preparation of Compounds for Detecting Phosgene and DCP 6

;\1/_ N N N

The target compound was prepared by carrying out the same synthesis as in Example

1 except that /:W \L/: was used instead of e f \‘
4 N /> . /< ]C\\f/
L L e \

N7 r\{

N NS
Y

in the step 1 of Example 1 above.

<Example 7> Preparation of Compounds for Detecting Phosgene and DCP 7

H,N
; 0
=N, NH, mMeon  HNY
L O * ©: N

N N, 24h, rt M

NO, N
NO,

To a solution of o-phenylenediamine (0.32 g, 3.0 mmol) in methanol (10 mL) was
added NBD-C1 (0.20 g, 1.0 mmol) in methanol (10 mL) at room temperature with
stirring. The resulting mixture was stirred at room temperature for 24 hours. Filtered
and washed several times with methanol to give a target compound (reddish brown
solid, 71%).

'H NMR (DMSO-dg, 300 MHz) : 6 10.69 (brs, 1H), 8.54 (d, J = 8.7 Hz, 1H),
7.09-7.15 (m, 2H), 6.84 (d,J=7.2 Hz, 1H ), 6.64 (t, ] =7.8Hz, 1H), 5.93 (d,J =
8.7Hz, 1H), 5.27 (brs, 2H). *C NMR (DMSO-ds, 75SMHz) : d 145.49, 145.04, 144.96,
144.92, 138.58, 129.44, 128.14, 121.95, 116.77, 116.49, 113.59, 102.34. HRMS (EI)
m/z =270.0640 [M]*, caled for C;;HyNsO;=270.0704.

<Comparative Example 1> Preparation of N-(9-(4-aminophenylamino

-6-(dimethvlamino)-9.9a-dihvdroxandene-3-vlidene)-N-methyvlmethanaminium
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NH,

s

[
N

] H
OO, L
//L N -~ U -
\IT] = o SN §f“l+ \\l‘\l, S 0 \|Tr

50 mg (0.168 m mol) of the compound prepared in step 1 of example 1 was dissolved
in CH,Cl, (10 ml), to which 57 ul (2 eq) of Tf,0 was added drop by drop. The reaction

mixture was stirred for 10 minutes, to which 235 ul (15 eq) of phenylamine was added.

4

The mixture was stirred at room temperature for overnight. Upon completion of the
reaction, CH,Cl, was eliminated under reduced pressure. The solid residue was
purified by silica gel chromatography (eluent, EA:DCM, 1:3) to give the target
compound as an orange solid (yield: 70%).

'H NMR (300 MHz, MeOD), 6: 7.67 (d, ] =9.5 Hz, 2H), 7.56 (dd, J = 7.7, 6.6 Hz,
2H), 7.46 (m, 1H), 7.40 (d, J =7.7 Hz, 2H), 6.80 (dd, J =9.5, 2.4 Hz, 2H), 6.73 (d, J =
2.4 Hz, 2H), 3.19 (s, 12H). C NMR (75 MHz, MeOD), &: 157.34, 155.65, 153.33,
140.66, 129.94, 127.66, 127.16, 125.05, 110.83, 102.73, 96.32, 38.86. ESI-MS: [M]*
Calcd for 358.19; Found 358.30.

<Comparative Example 2> Preparation of N-(6-(dimethvlamino

-9-(phenvlamino)-9.9a-dihvdroxandene-3-vlidene)-N-methvlmethanaminium

8 HN” :
\ITI f o AN \‘T*‘/ \\T i 0 Xy \'|\|+/

100 mg (0.336 m mol) of the compound prepared in step 1 of example 1 was
dissolved in CH,CL, (15 ml), to which 114 ul (2 eq) of Tf,O was added drop by drop.
The reaction mixture was stirred for 10 minutes, to which 0.54 g (15 eq) of p-
phenylenediamine was added. The mixture was stirred at room temperature for
overnight. Upon completion of the reaction, the solvent was eliminated under reduced
pressure. The solid residue was purified by silica gel chromatography (eluent,
DCM:EtOH, 30:1) to give the target compound as a yellow solid (yield: 70%).

'H NMR (300 MHz, MeOD) 6 7.74 (s, 2H), 7.13 (m, 2H), 6.84 (m, 4H), 6.70 (d, J =
2.5 Hz, 2H), 3.18 (s, 12H). *C NMR (75 MHz, MeOD) 6 157.01, 154.99, 150.34,
129.75, 128.51, 127.92, 116.80, 112.16, 103.60, 97.75, 40.26. [M]* calcd for 373.20,
Found 373.30.
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<Experimental Example 1> Evaluation of phosgene detection ability of the

compound of example 1
The following experiment was performed in order to evaluate the phosgene detection

ability of the compound prepared in example 1.

Particularly for the safety of the experiment, non-volatile and relatively less toxic
triphosgene, the precursor of phosgene, was used instead of the volatile phosgene to
evaluate the detection ability of the compound prepared in example 1. The compound
of example 1 was loaded in chloroform at the concentration of 10 uM, to which
triphosgene was added with different concentrations (0-2 eq), during which the
changes of fluorescence and absorbance were observed to evaluate the phosgene
detection ability. The results are shown in Figure 1. In the experiment, excitation
wavelength was 580 nm and slit width was 1.5 nm. Each spectrum was measured at 2
min intervals.

Figure 1(a) is a graph illustrating the fluorescence spectrum of the compound of
example 1 of the invention according to the concentration of phosgene, wherein the
fluorescence photograph is on the right side of the graph. Figure 1(b) is a graph il-
lustrating the absorption spectrum of the compound of example 1 of the invention
according to the concentration of phosgene, wherein the color development photograph
is on the right side of the graph.

As shown in Figure 1(a), the fluorescence intensity of the compound of example 1 of
the invention was stronger as the concentration of phosgene was increased, and thus
red fluorescence was observed with the naked eye. As shown in Figure 1(b),
wavelength band of the absorption spectrum of the compound of example 1 of the
invention was changed as the concentration of phosgene was increased. The color
thereof started yellow and turned purple, which was also observed with the naked eye.

Therefore, the compound for detecting phosgene of the present invention can be ef-
fectively used as a composition for detecting phosgene since the changes of fluo-

rescence and color development can be observed with the naked eye.

<Experimental Example 2> Evaluation of DCP (diethyl chlorophosphate) detection

ability of the compound of example 1
The following experiment was performed by the same manner as described in ex-

perimental example 1 in order to evaluate the DCP detection ability of the compound
prepared in example 1 of the invention except that DCP (diethyl chlorophosphate) was
used instead of phosgene. The results are shown in Figure 2.

Figure 2(a) is a graph illustrating the fluorescence spectrum of the compound of

example 1 of the invention according to the concentration of DCP (diethyl
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chlorophosphate), wherein the fluorescence photograph is on the right side of the
graph.

Figure 2(b) is a graph illustrating the absorption spectrum of the compound of
example 1 of the invention according to the concentration of DCP (diethyl
chlorophosphate).

As shown in Figure 2(a), the fluorescence intensity of the compound of example 1 of
the invention was stronger as the concentration of DCP (diethyl chlorophosphate) was
increased, and thus green fluorescence was observed with the naked eye.

As shown in Figure 2(b), wavelength band of the absorption spectrum of the
compound of example 1 of the invention was changed as the concentration of DCP
(diethyl chlorophosphate) was increased.

Therefore, the compound for the detection of DCP (diethyl chlorophosphate) of the
present invention can be effectively used as a composition for the detection of DCP
(diethyl chlorophosphate) since the changes of fluorescence and color development can

be observed with the naked eye.

<Experimental Example 3> Evaluation of gas-phase phosgene and DCP (diethyl
chlorophosphate) detection ability of the compound of example 1

The following experiment was performed in order to evaluate the gas-phase
phosgene and DCP detection ability of the compound of example 1 of the invention.

Particularly, in order to evaluate whether or not the compound prepared in example 1
could act as a real sensor to detect gas-phase phosgene and DPC efficiently, a kit was
constructed wherein the compound of example 1 was fixed on polyethylene oxide film.
The kit was exposed on different concentrations of phosgene and DCP (0-20 ppm),
followed by observation of the changes of fluorescence and color development in the
compound of example 1. The results are shown in Figure 3.

Figure 3(a) is an image illustrating the changes of fluorescence resulted from the
exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of fluo-
rescence.

Figure 3(b) is an image illustrating the changes of color development resulted from
the exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of
color development.

As shown in Figure 3, the compound of the example of the present invention can be

useful as a sensor to detect the changes of fluorescence and color development
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according to the exposure on gas-phase phosgene and DCP (diethyl chlorophosphate).

<Experimental Example 4> Evaluation | of phosgene detection ability of the

compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of gas-phase phosgene.

A filter paper was cut into 2 cm x 1 cm and dipped in DCM solution (1 mg/mL)
containing the compound of example 2 dissolved therein. The filter paper was dried to
eliminate the solvent. Then, the filter paper was placed in a sealed flask containing 0.2
mg of phenanthridine and 0.2 mg of triphosgene. The concentration of phosgene
therein was 0.8 mg/L (Figure 4) or 8§ mg/L (Figure 5). The filter paper, exposed or not
exposed on 0.8 mg/L or § mg/L of phosgene, was photographed at 365 nm (Figures 6 ~
8).

Figure 4 is a photograph illustrating the experimental step to contact the filter-paper
retaining the compound of example 2 with 0.8 mg/L of phosgene.

Figure 5 is a photograph illustrating the experimental step to contact the filter-paper
retaining the compound of example 2 with § mg/L of phosgene.

Figure 6 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 without the exposure on phosgene, photographed at 365 nm.

Figure 7 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 0.8 mg/L of phosgene, photographed at 365
nm.

Figure 8 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 8 mg/L of phosgene, photographed at 365 nm.

As shown in Figures 6 ~ 8, fluorescence properties of the filter-paper retaining the
compound of example 2 exposed on phosgene were changed(Figure 7(fluorescence,
green) and Figure 8(fluorescence, cyan(Stronger fluorescence than Figure 7)),
compared with the glass plate coated with the compound of example 2 not-exposed on
phosgene(Figure 9(no fluorescence, black)).

Therefore, it was confirmed that gas-phase phosgene could be easily detected by

using the compound of example 2 with the naked eye.

<Experimental Example 5> Evaluation 2 of phosgene detection ability of the

compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of gas-phase phosgene.
The gas-phase phosgene detection ability of the compound of example 2 was

evaluated by the same manner as described in example 4 except that a thin glass plate
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was used. The results are shown in Figures 9 ~ 11.

Figure 9 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 without the exposure on phosgene, photographed at 365
nm.

Figure 10 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 which was exposed on 0.8 mg/L of phosgene, pho-
tographed at 365 nm.

Figure 11 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 which was exposed on 8 mg/L of phosgene, photographed
at 365 nm.

As shown in Figures 9 ~ 11, fluorescence properties of the glass plate coated with the
compound of example 2 exposed on phosgene were changed(Figure 10(fluorescence,
dark blue) and Figure 11(fluorescence, blue(Stronger fluorescence than Figure 10)),
compared with the filter-paper retaining the compound of example 2 not-exposed on
phosgene(Figure 9(no fluorescence, black)).

Therefore, it was confirmed that the compound of example 2 of the invention is
effective in detecting gas-phase phosgene by observing the changes of fluorescence

properties.

<Experimental Example 6> Evaluation 3 of phosgene detection ability of the

compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of liquid-phase phosgene.

30 ug of the compound of example was absorbed in 30 mg of silica gel, which was
treated with 3 ug or 30 ug of triphosgene dissolved in chloroform. Then, the changes
of fluorescence properties were observed and one of the results is presented in Figure
12.

Figure 12 is photographs illustrating the fluorescence characteristics of the silica gel
containing the compound of example 2 after the treatment of O(a), 3(b) and 30(c) ug
triphosgene.

As shown in Figure 12, fluorescence properties of the silica gel retaining the
compound of example 2 treated with phosgene(b and c) were changed, compared with
the silica gel retaining the compound of example 2 not-treated with phosgene(a).

Therefore, it was confirmed that the compound of example 2 of the invention is
effective in detecting liquid-phase phosgene by observing the changes of fluorescence

properties.

<Experimental Example 7> Evaluation 4 of phosgene detection ability of the
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compound of example 2
The following experiment was performed in order to evaluate the phosgene detection

ability of the compound prepared in example 2.

Particularly for the safety of the experiment, non-volatile and relatively less toxic
triphosgene, the precursor of phosgene, was used instead of the volatile phosgene to
evaluate the detection ability of the compound prepared in example 2. Ex wavelength =
340 nm, slit width = 5*3; Probe (10 um) with different equivalent of Triphosgene in p-
Xylene as solvent with 1 % chloroform as the co-solvent. The results are shown in
Figure 13. Each spectrum was measured at 2 min intervals.

Figure 13(a) is a graph illustrating the fluorescence spectrum of the compound of
example 2 of the invention according to the concentration of phosgene. Figure 13(b) is
a graph illustrating the absorption spectrum of the compound of example 2 of the
invention according to the concentration of phosgene.

As shown in Figure 13(a), the fluorescence intensity of the compound of example 2
of the invention was stronger as the concentration of phosgene was increased. As
shown in Figure 13(b), wavelength band of the absorption spectrum of the compound
of example 2 of the invention was changed as the concentration of phosgene was
increased.

Therefore, the compound for detecting phosgene of the present invention can be ef-
fectively used as a composition for detecting phosgene since the changes of fluo-

rescence and color development can be observed.

In the above Experimental Examples 1-7, it was found that the compounds according
to the present invention react with phosgene or DCP in a gaseous or liquid state to
induce changes in fluorescence and color development at nM concentration, which
induces different changes according to whether it is a phosgene or a DCP. Ac-
cordingly, the compounds of the invention or compositions containing the same may
be usefully employed for phosgene and DCP detection, And can be used in the entire
industry as a detection composition and a kit which are capable of selectively detecting

and sensitively detecting to exposure of phosgene and DCP.

Mode for the Invention
Hereinafter, the present invention is described in detail. It is to be understood,
however, that the following description is provided to assist the understanding of the

present invention, and the present invention is not limited thereto.

The present invention provides a compound represented by formula 1 below.
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[Formula 1]
)
HI\IJ/
A

H,N

In the formula 1,

Alis o , ,

Rlis -H, C; y straight or branched alkyl, C, j, straight or branched alkoxy, or 4-7
membered heterocycloalkyl containing 1-3 hetero atoms selected from the group
consisting of N, O, and S; and

R?, R? and R* is independently -H, C,_, straight or branched alkyl, or C,_j, straight or
branched alkoxy.

Preferably,
R'is -H, C, 5 straight or branched alkyl, C, sstraight or branched alkoxy, or 4-6
membered heterocycloalkyl containing 2-3 hetero atoms selected from the group

consisting of N, O, and S.

More preferably,
Rlis C, 4 straight or branched alkyl, or 6 membered heterocycloalkyl containing 2-3

hetero atoms selected from the group consisting of N, O, and S.

Most preferably,
the compound represented by formula 1 above is the compound selected from the

group consisting of the following compounds.
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HaN o > H;N SO HZN > H2N 5

??

c4|-|9

HoN o

o

o] H2N HzN
g B
//
L oS g
PPy <

The present invention also provides a method for preparing the compound rep-
resented by formula 1 containing the step of reacting the compound represented by A-
LG with the compound represented by formula 2 to give the compound represented by
formula 1 (step 1) as shown in the below reaction formula 1.

[Reaction Formula 1]

STEP 1
H-N H,N
A-LG 2 . j@
HN

|
A

In the reaction formula 1, A is as defined in formula 1 of claim 1; and
LG is =0, =S or halogene.

Hereinafter, the method for preparing the compound represented by formula 1 of the
present invention is described in more detail step by step.

In the method for preparing the compound represented by formula 1 of the invention,
step 1 is to give the compound represented by formula 1 by reacting the compound
represented by A-LG with the compound represented by formula 2.

At this time, the compound represented by formula 1 is prepared by the method
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shown in reaction formula 2, reaction formula 3, reaction formula 4, reaction formula

5, or reaction formula 6.

[Reaction Formula 2]

e . STEP 1

R, \\,R4>R

N 0 N
R? R®

[Reaction Formula 3]

= , STEP1
R, X +,R - = R
N o N
R2 R3

[Reaction Formula 4]

B

Br r

R Xy

STEP 1 \
+ R1/\/NH24- = = _
N
o~ 0" o OH 0
R1

[Reaction Formula 5]

STEP 1

[Reaction Formula 6]

Cl

=N step1 N
Lo N

NO, N

(o] HN
NI T o
R? R® R?

e
N+
R3

ne
HN
4
RS

S
N o S Sy P o S Sy
R? R? R?

HN
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Further, the present invention provides a composition for detecting phosgene or DCP
(diethyl chlorophosphate) comprising the compound represented by formula 1.

The present invention also provides a kit for the detection of one or more compounds
selected from the group consisting of phosgene and DCP (diethyl chlorophosphate)
comprising the compound represented by formula 1.

Herein, the detection is preferably performed by observing the changes of fluo-
rescence or absorbance caused by the changes of n-conjugation system resulted from
the nucleophilic attack of phenylenediamine included in the compound of claim 1

against phosgene or DCP (diethyl chlorophosphate).

The present invention also provides a method for the detection of one or more
compounds selected from the group consisting of phosgene and DCP (diethyl
chlorophosphate) comprising the following steps:

contacting the detection kit of the invention with the sample to be analyzed (step 1);
and

evaluating the changes of fluorescence or absorption properties of the compound rep-

resented by formula 1 included in the detection kit after the contact of step 1 (step 2).

Hereinafter, the method for the detection of one or more compounds selected from
the group consisting of phosgene and DCP (diethyl chlorophosphate) of the present
invention is described in more detail step by step.

In the method for the detection of one or more compounds selected from the group
consisting of phosgene and DCP (diethyl chlorophosphate) of the present invention,
step 1 is to contact the detection kit with the sample to be analyzed.

At this time, the sample herein is in the solid, liquid, or gas-phase, and more
preferably in the liquid or gas-phase.

The sample herein may include or not include phosgene or DCP (diethyl

chlorophosphate), which is the detection target of this invention.

In the method for the detection of one or more compounds selected from the group
consisting of phosgene and DCP (diethyl chlorophosphate) of the present invention,
step 2 is to evaluate the changes of fluorescence or absorption properties of the
compound represented by formula 1 included in the detection kit after the contact of
step 1.

Herein, when the sample contains phosgene or DCP (diethyl chlorophosphate), the
detection target, the changes of fluorescence or absorption properties of the compound

represented by formula 1 included in the detection kit can be observed.
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[239]

[240] Another experiment was also performed to investigate whether or not the fluo-
rescence or absorption properties were changed when the compound of example 1 of
the invention was contacted with liquid-phase phosgene or DCP (diethyl
chlorophosphate).

[241] As aresult, it was confirmed that when the compound of example 1 of the invention
was contacted with phosgene or DCP (diethyl chlorophosphate), the fluorescence or
absorption properties were significantly changed so that they could be observed even
with the naked eye (see Figures 1 and 2 of Experimental Examples 1 and 2).

[242] Another experiment was also performed to investigate whether or not the fluo-
rescence or absorption properties were changed when the compound of example 1 of
the invention was contacted with gas-phase phosgene or DCP (diethyl
chlorophosphate).

[243] As aresult, it was confirmed that when the compound of example 1 of the invention
was contacted with phosgene or DCP (diethyl chlorophosphate), the fluorescence or
absorption properties were significantly changed so that they could be observed even
with the naked eye (see Figure 3 of Experimental Example 3).

[244] Further, an experiment was performed to evaluate whether or not the compound of
example 2 of the invention was effective in detecting gas-phase phosgene. As a result,
it was confirmed that the compound of example 2 was significantly effective in
detecting gas-phase phosgene even with the naked eye (see Figures 4 ~ 11 of Ex-
perimental Examples 4 and 5).

[245] In addition, an experiment was performed to evaluate whether or not the compound
of example 2 of the invention was effective in detecting liquid-phase phosgene. As a
result, it was confirmed that the compound of example 2 was significantly effective in
detecting liquid-phase phosgene by observing the changes of fluorescence properties
(see Figure 12 of Experimental Example 6).

[246]

[247] Therefore, the compound of the present invention forms a different bond with
phosgene or DCP to cause a change in the pi-conjugated system of the binding
molecule, and the fluorescence and the color change according to the phosgene or DCP
are different from each other. The compound has the effect of selectively detecting
phosgene or DCP, respectively, or by mixing them.

[248]

[249] Practical and presently preferred embodiments of the present invention are il-
lustrative as shown in the following Examples.

[250] However, it will be appreciated that those skilled in the art, on consideration of this

disclosure, may make modifications and improvements within the spirit and scope of
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the present invention.

<Preparative Example 1> Preparation of o-
henvlenediamine-pyronine(N-(9-(2-aminophenvlamino)-6-(dimethylamino)-9.9a-dih

HzN /\ﬂ
o HN
R R R //\)‘\/§ O AR
| STer ! P P- TP 2 I
\‘N/ \// o \\/ \N+/ - \\N, L o \/ \\Nf/ - \\ > \// \ - \\/ X +/

Step 1: Preparation of N-
6-(dimethylamino)-9-0x0-9.9a-dihydroxandene-3-vlidene)-N-methylmethanaminium

N-(6-(dimethylamino)-3H-xandene-3-ylidene)-N-methylmethanaminium was reacted
with KCN for 18 hours, reacted with FeCl;/HCI for 12 hours, and then reacted with
NaHCO:;, resulting in the preparation of N-

(6-(dimethylamino)-9-0x0-9,9a-dihydroxandene-3-ylidene)-N-methylmethanaminium.

Step 2: Preparation of N-

(9-(2-aminophenylamino)-6-(dimethylamino)-9.9a-dihydroxandene-3-ylidene)-N-meth

ylmethanaminium

The compound prepared in step 1 above was reacted with Tf,O and then reacted with
benzene-1,2-diamine to give N-
(9-(2-aminophenylamino)-6-(dimethylamino)-9,9a-dihydroxandene-3-ylidene)-N-meth
ylmethanaminium (yield: 40%).

<Example 1> Preparation of Compounds for Detecting Phosgene and DCP 1
Step 1: Preparation of N-

6-(dimethvlamino)-9-thioxo0-9.9a-dihvdroxandene-3-vlidene)-N-methvlmethanaminiu

~ ~ AN
m st Q ]/\/1
\'|‘| = o N \l|\l+/

THF (40 ml) containing t-BuOK (0.56 g, 3 eq) was added to the solution containing
Pyronine Y (N-(6-(dimethylamino)-3H-xandene-3-ylidene)-N-methylmethanaminium)
(0.5 g, 1.65 m mol) and sulfur (0.79 g, 15 eq). The reaction mixture was refluxed for
10 hours. Termination of the reaction was confirmed by TLC. Then, the reaction

mixture was cooled down at room temperature and filtered. Silica gel column chro-
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matography was performed with the residue (eluent, PE:DCM, 1:1) to give the target
compound as a yellow solid (yield: 50%).

'H NMR (300 MHz, CDCl;), 6: 8.70 (d, J =9.2 Hz, 2H), 6.75 (dd, ] = 9.2, 2.3 Hz,
2H), 6.43 (d, J =2.3 Hz, 2H), 3.13 (s, 12H). BC NMR (75 MHz, CDCl3), &: 196.26,
154.58, 153.03, 131.80, 120.07, 110.52, 96.06, 40.24. ESI-MS: Calcd. for 299.11;
Found 299.20.

Step 2: Preparation of N-

9-(2-aminophenyvlamino)-6-(dimethylamino)-9.9a-dihvdroxandene-3-vlidene)-N-meth

ylmethanaminium
HN. -
s HNQ
R R S A

90 ul (2 eq) of Tf,O was added drop by drop to the anhydrous CH,Cl, solution (10
ml) containing 80 mg (0.268 m mol) of the compound prepared in step 1 above
dissolved therein. The reaction mixture was well mixed with stirring at room tem-
perature for 10 minutes. 0.29 g (10 eq) of o-phenylenediamine solution was added to
the reaction mixture above, followed by stirring for 10 more hours. Then, CH,Cl, was
eliminated under reduced pressure. The solid residue was purified by silica gel chro-
matography (eluent, EA:DCM, 1:2) to give the target compound as a yellow solid
(yield: 80%).

'H NMR (300 MHz, MeOD), 6: 7.78 (d, ] =9.5 Hz, 2H), 7.25 (m, 1H), 7.09 (dd, J =
7.8,1.4 Hz, 1H), 6.96 (dd, J =7.8, 1.4 Hz, 1H), 6.81 (dd, J =3.9, 1.9 Hz, 1H), 6.76 (m,
2H), 6.71 (d, J =2.5 Hz, 2H), 3.18 (s, 12H). BC NMR (75 MHz, MeOD), 6: 157.01,
155.46, 154.03, 147.21, 143.91, 129.31, 126.98, 126.52, 117.72, 116.26, 110.67,
102.83, 96.68, 38.80. ESI-MS: [M]+Calcd. for 372.20; Found 372.30.

<Example 2> Preparation of Compounds for Detecting Phosgene and DCP 2

HZN
! ! OO
+ H EtOH NS0 o-phenylenediamine
N reflux _Pd(OAc),, KoCO3 N
L J DMF, reflux
(¢) N H

[j Nj
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To a solution of 4-bromo-1,8-naphthalene anhydride (1.38 g, 5.0 mmol) in anhydrous
EtOH (20.0 ml) at room temperature was added 4-(2-aminoethyl)morpholine (715 mg,
5.5 mmol). After refluxing for 4 h, the reaction mixture was cooled and filtered to give
4-bromine-1,8-naphthalimide. This naphthalimide(389 mg, 1.0 mmol) and o-
phenylenediamine(540 mg, 5.0 mmol) were dissolved in anhydrous DMF (20 mL),
Subsequently, K2CO3 (550 mg, 4 mmol) and Pd(OAc) (44 mg, 2 mmol) was added
under nitrogen. The reaction was then refluxed overnight. The solvent DMF was then
removed under vacuum. The crude product was treated with water, extracted with
dichloromethane and dried over anhydrous MgSO4. The organic layer was removed
and the residue was purified by column chromatography to give 0.18 g of product
(yellow solid, 43%).

'H NMR (CDCl;, 300MHz) & (ppm) = 8.59 (m, 1H), 8.35 (d, 1H), 8.28 (d, 1H), 7.69
(m, 1H), 7.17 (m, 2H), 6.92-6.77 (m, 2H), 6.67 (d, 1H), 6.53 (s, 1H), 4.37-4.23 (m,
2H), 3.79 (s, 2H), 3.71-3.88 (m, 4H), 2.72-2.61, 2H), 2.57 (s, 4H). 13C NMR (75
MHz, CDCl;) 6 = 164.51, 163.89, 147.49, 142.82, 133.96, 131.31, 128.32, 127.44,
126.22, 125.32, 124.50, 123.21, 120.74, 119.50, 116.75, 112.30, 107.75, 67.02, 56.23,
53.80, 36.98. HRMS (ESI) m/z = 417.1718 [M + HJ*, calcd for Co.H,sN4O,=417.1927.

<Example 3> Preparation of Compounds for Detecting Phosgene and DCP 3

e
o-phenylenediamine
Pd(oAC)z K,CO; K\Hﬁ
DMF, reflux ‘
O N O

s

To a solution of 4-bromo-1,8-naphthalene anhydride (1.38 g, 5.0 mmol) in anhydrous
EtOH (20.0 ml) was added butylamine (480 mg, 5.5 mmol) at room temperature. After

EtOH

~
o L/ reflux
0" O [o)

refluxing for 4 h, the reaction mixture was cooled and filtered to give 4-bromine-I,
8-naphthalimide. This naphthalimide (540 mg, 5.0 mmol) and o-
phenylenediamine(540 mg, 5.0 mmol) were dissolved in anhydrous DMF (20 mL),
Subsequently, K2CO3 (550 mg, 4 mmol) and Pd(OAc) (44 mg, 2 mmol) under
nitrogen. The reaction was then refluxed overnight. The solvent DMF was then
removed under vacuum. The crude product was treated with water, extracted with
dichloromethane and dried over anhydrous MgSO4. The organic layer was removed
and the residue was purified by column chromatography to give 0.11 g of product
(yellow solid, 61%).

'H NMR (DMSO-d¢, 300MHz) 6 (ppm) =9.01 (s, 1H), 8.91-8.88 (m, 1H), 8.50-8.47
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(m, 1H), 8.20 (d, J = 8.6Hz, 1H) , 7.78-7.73 (m, 1H), 7.09 (t, ] = 7.2Hz, 2H), 6.88-6.84
(m, 1H), 6.69-6.63 (m, 1H), 6.41 (d, J =8.5Hz, 1H ), 5.04 (s, 2H), 4.16-3.89 (m, 2H),
1.58 (d, J =7.5Hz, 2H), 1.47-1.19 (m, 2H), 0.92 (t, J = 7.3Hz, 3H) ; C NMR DMSO-
de, 0 =164.47, 163.63, 150.48, 145.65, 134.54, 131.47, 130.23, 130.05, 128.82,
128.44, 125.14, 123.99, 122.55, 121.34, 117.19, 116.35, 109.79, 107.01, 55.61, 30.53,
20.51, 14.46. HRMS (ESI) m / z = 360.1706 [M + HJ*, calcd for C,,H,sN,O; =
360.1712.

<Example 4> Preparation of Compounds for Detecting Phosgene and DCP 4

HZN
Br
\\ A _ EtOH A o-phenylenediamine
NH; /
= CaHs™ 2T oflux Pd(OAc),, KoCO;
DMF, reflux
(o] O (o]
C4H9
c4Hg

The target compound was prepared by conducting the same synthesis as in Example

3 except that hexylamine was used instead of the butylamine used in Example 3.

<Example 5> Preparation of Compounds for Detecting Phosgene and DCP 5

O H.N
“ @
Phosphorus oxychloride o-phenylenediamine,Et;N \©
g I) IJD w0
/\N/ /\N/ /\N N/\

To a solution of rhodamine B base (1.01 g, 2.3 mmol) in dry 1,2-dichloroethane (8.0

mL) at room temperature was added phosphorus oxychloride (6.9 mmol) over a period
of 5 min. After being stirred at reflux for 4 h, the mixture was cooled and concentrated
under vacuum to give the crude rhodamine B acid chloride. A solution of the acid
chloride in dry acetonitrile (10 mL) was added dropwise to a solution of o-
diaminobenzene (14 mmol) in dry acetonitrile (6.0 mL) containing triethylamine (8.0
mL). After being stirred for 4 h at room temperature, the mixture was concentrated
under vacuum, and the residue was subjected to column chromatography to give target
compound as a white solid in 83% yield.

'H NMR (CDCl;, 300MHz) 6 (ppm) : 8.03-8.05 (m, 1H); 7.53-7.60 (m, 2H);
7.25-7.27 (m, 1H); 6.94 - 6.99 (m, 1H); 6.68 (d, J = 8.7Hz, 2H); 6.58 (dd, ] =7.8Hz, J
= 1,2Hz, 1H); 6.40-6.46 (m, 1H); 6.31 (d, J = 8.7Hz, 2H); 6.28 (b, 2H); 6.10 (dd, J =
8.1Hz, J = 1.5Hz, 1H); 3.44 (s, 2H); 3.35 (q, J = 6.9Hz, 8H); 1.16 (t, J =7.2Hz, 12H).
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BC NMR (CDClL,;, 75MHz) 6 (ppm) : 166.63, 161.22, 154.20, 152.66, 149.15, 144.75,
132.81, 129.03, 128.97, 128.85, 128.55, 124.51, 123.66, 122.46, 118.43, 117.23,
108.21, 98.28, 68.27, 44.60, 31.15, 12.76. HRMS (ESI) m/z calcd for C;,H;N,O, [M +
H]+ 533.2565. Found 533.2838.

<Example 6> Preparation of Compounds for Detecting Phosgene and DCP 6

HzNi :
% _
HN N/

N” /\ij//“\ = N

/

The target compound was prepared by carrying out the same synthesis as in Example

l except that __ was used instead of PGP
N W j\ /> N \/I’Loj\/‘\\’:l/
N‘/)\/\i)//\/ J\N | |
P \

in the step 1 of Example 1 above.

<Example 7> Preparation of Compounds for Detecting Phosgene and DCP 7
H,N
: 0
N S NH2 meon  HN
- /O + N
S Z N, 24h,nt “o

NO, N
NO,

To a solution of o-phenylenediamine (0.32 g, 3.0 mmol) in methanol (10 mL) was
added NBD-C1 (0.20 g, 1.0 mmol) in methanol (10 mL) at room temperature with
stirring. The resulting mixture was stirred at room temperature for 24 hours. Filtered
and washed several times with methanol to give a target compound (reddish brown
solid, 71%).

'H NMR (DMSO-d, 300 MHz) : 6 10.69 (brs, 1H), 8.54 (d, J = 8.7 Hz, 1H),
7.09-7.15 (m, 2H), 6.84 (d,J=7.2 Hz, 1H ), 6.64 (t, ] =7.8Hz, 1H), 5.93 (d,J =
8.7Hz, 1H), 5.27 (brs, 2H). *C NMR (DMSO-ds, 7SMHz) : d 145.49, 145.04, 144.96,
144.92, 138.58, 129.44, 128.14, 121.95, 116.77, 116.49, 113.59, 102.34. HRMS (EI)
m/z =270.0640 [M]*, caled for C;;HyNsO;=270.0704.

<Comparative Example 1> Preparation of N-
9-(4-aminophenvlamino)-6-(dimethylamino)-9.9a-dihvdroxandene-3-vlidene)-N-meth
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ylmethanaminium

S HN =
Ffﬁ @*Jij
~ I N:;/\\\N/—» \N/ s ~0 S \N"/
| |

[300]

Y © |

[301] 50 mg (0.168 m mol) of the compound prepared in step 1 of example 1 was dissolved
in CH,Cl, (10 ml), to which 57 ul (2 eq) of Tf,0 was added drop by drop. The reaction
mixture was stirred for 10 minutes, to which 235 ul (15 eq) of phenylamine was added.
The mixture was stirred at room temperature for overnight. Upon completion of the
reaction, CH,Cl, was eliminated under reduced pressure. The solid residue was
purified by silica gel chromatography (eluent, EA:DCM, 1:3) to give the target
compound as an orange solid (yield: 70%).

[302] 'H NMR (300 MHz, MeOD), 6: 7.67 (d, ] =9.5 Hz, 2H), 7.56 (dd, J = 7.7, 6.6 Hz,
2H), 7.46 (m, 1H), 7.40 (d, J =7.7 Hz, 2H), 6.80 (dd, J =9.5, 2.4 Hz, 2H), 6.73 (d, J =
2.4 Hz, 2H), 3.19 (s, 12H). C NMR (75 MHz, MeOD), &: 157.34, 155.65, 153.33,
140.66, 129.94, 127.66, 127.16, 125.05, 110.83, 102.73, 96.32, 38.86. ESI-MS: [M]*
Calcd for 358.19; Found 358.30.

[303]

[304] <Comparative Example 2> Preparation of N-

6-(dimethylamino)-9-(phenylamino)-9.9a-dihvdroxandene-3-vlidene)-N-methylmetha

naminium

[305]
s NJ@
SN EN Ny
L, WAL,

[306] 100 mg (0.336 m mol) of the compound prepared in step 1 of example 1 was
dissolved in CH,CL, (15 ml), to which 114 ul (2 eq) of Tf,O was added drop by drop.
The reaction mixture was stirred for 10 minutes, to which 0.54 g (15 eq) of p-
phenylenediamine was added. The mixture was stirred at room temperature for
overnight. Upon completion of the reaction, the solvent was eliminated under reduced
pressure. The solid residue was purified by silica gel chromatography (eluent,
DCM:EtOH, 30:1) to give the target compound as a yellow solid (yield: 70%).

[307] 'H NMR (300 MHz, MeOD) 6 7.74 (s, 2H), 7.13 (m, 2H), 6.84 (m, 4H), 6.70 (d, J =
2.5 Hz, 2H), 3.18 (s, 12H). *C NMR (75 MHz, MeOD) 6 157.01, 154.99, 150.34,
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129.75, 128.51, 127.92, 116.80, 112.16, 103.60, 97.75, 40.26. [M]* calcd for 373.20,
Found 373.30.

[308]

[309] The chemical formulae of the compounds prepared in examples 1 ~ 7 are shown in
Table 1.
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[310] [Table 1]
Exampl |Chemical Formula Example [Chemical Formula
e
1 HzN 2 5
|
AN
86!
\,IT‘ NN “0 \.I"‘\LI/
2 H:N ‘ % 6 HN. -~ |
=\ /
HN <\ ‘{Q{ N % @
= N7 /\©N ~N
S / |
07 N0
)
0
3 "o RS
HN O HN
=N
2 P
=N
:J\I 8] NO,
4 e
HN
18) ‘)N Q
C.Ho
[311]
[312] <Experimental Example 1> Evaluation of phosgene detection ability of the

compound of example 1
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The following experiment was performed in order to evaluate the phosgene detection
ability of the compound prepared in example 1.

Particularly for the safety of the experiment, non-volatile and relatively less toxic
triphosgene, the precursor of phosgene, was used instead of the volatile phosgene to
evaluate the detection ability of the compound prepared in example 1. The compound
of example 1 was loaded in chloroform at the concentration of 10 uM, to which
triphosgene was added with different concentrations (0-2 eq), during which the
changes of fluorescence and absorbance were observed to evaluate the phosgene
detection ability. The results are shown in Figure 1. In the experiment, excitation
wavelength was 580 nm and slit width was 1.5 nm. Each spectrum was measured at 2
min intervals.

Figure 1(a) is a graph illustrating the fluorescence spectrum of the compound of
example 1 of the invention according to the concentration of phosgene, wherein the
fluorescence photograph is on the right side of the graph. Figure 1(b) is a graph il-
lustrating the absorption spectrum of the compound of example 1 of the invention
according to the concentration of phosgene, wherein the color development photograph
is on the right side of the graph.

As shown in Figure 1(a), the fluorescence intensity of the compound of example 1 of
the invention was stronger as the concentration of phosgene was increased, and thus
red fluorescence was observed with the naked eye. As shown in Figure 1(b),
wavelength band of the absorption spectrum of the compound of example 1 of the
invention was changed as the concentration of phosgene was increased. The color
thereof started yellow and turned purple, which was also observed with the naked eye.

Therefore, the compound for detecting phosgene of the present invention can be ef-
fectively used as a composition for detecting phosgene since the changes of fluo-

rescence and color development can be observed with the naked eye.

<Experimental Example 2> Evaluation of DCP (diethyl chlorophosphate) detection

ability of the compound of example 1
The following experiment was performed by the same manner as described in ex-

perimental example 1 in order to evaluate the DCP detection ability of the compound
prepared in example 1 of the invention except that DCP (diethyl chlorophosphate) was
used instead of phosgene. The results are shown in Figure 2.

Figure 2(a) is a graph illustrating the fluorescence spectrum of the compound of
example 1 of the invention according to the concentration of DCP (diethyl
chlorophosphate), wherein the fluorescence photograph is on the right side of the
graph.

Figure 2(b) is a graph illustrating the absorption spectrum of the compound of
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example 1 of the invention according to the concentration of DCP (diethyl
chlorophosphate).

As shown in Figure 2(a), the fluorescence intensity of the compound of example 1 of
the invention was stronger as the concentration of DCP (diethyl chlorophosphate) was
increased, and thus green fluorescence was observed with the naked eye.

As shown in Figure 2(b), wavelength band of the absorption spectrum of the
compound of example 1 of the invention was changed as the concentration of DCP
(diethyl chlorophosphate) was increased.

Therefore, the compound for the detection of DCP (diethyl chlorophosphate) of the
present invention can be effectively used as a composition for the detection of DCP
(diethyl chlorophosphate) since the changes of fluorescence and color development can

be observed with the naked eye.

<Experimental Example 3> Evaluation of gas-phase phosgene and DCP (diethyl
chlorophosphate) detection ability of the compound of example 1

The following experiment was performed in order to evaluate the gas-phase
phosgene and DCP detection ability of the compound of example 1 of the invention.

Particularly, in order to evaluate whether or not the compound prepared in example 1
could act as a real sensor to detect gas-phase phosgene and DPC efficiently, a kit was
constructed wherein the compound of example 1 was fixed on polyethylene oxide film.
The kit was exposed on different concentrations of phosgene and DCP (0-20 ppm),
followed by observation of the changes of fluorescence and color development in the
compound of example 1. The results are shown in Figure 3.

Figure 3(a) is an image illustrating the changes of fluorescence resulted from the
exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of fluo-
rescence.

Figure 3(b) is an image illustrating the changes of color development resulted from
the exposure on gas-phase phosgene or gas-phase DCP (diethyl chlorophosphate).
Precisely, the compound of example 1 was prepared as a sensor which was exposed on
gas-phase phosgene or gas-phase DCP, followed by observation of the changes of
color development.

As shown in Figure 3, the compound of the example of the present invention can be
useful as a sensor to detect the changes of fluorescence and color development

according to the exposure on gas-phase phosgene and DCP (diethyl chlorophosphate).

<Experimental Example 4> Evaluation | of phosgene detection ability of the
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compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of gas-phase phosgene.

A filter paper was cut into 2 cm x 1 cm and dipped in DCM solution (1 mg/mL)
containing the compound of example 2 dissolved therein. The filter paper was dried to
eliminate the solvent. Then, the filter paper was placed in a sealed flask containing 0.2
mg of phenanthridine and 0.2 mg of triphosgene. The concentration of phosgene
therein was 0.8 mg/L (Figure 4) or 8§ mg/L (Figure 5). The filter paper, exposed or not
exposed on 0.8 mg/L or § mg/L of phosgene, was photographed at 365 nm (Figures 6 ~
8).

Figure 4 is a photograph illustrating the experimental step to contact the filter-paper
retaining the compound of example 2 with 0.8 mg/L of phosgene.

Figure 5 is a photograph illustrating the experimental step to contact the filter-paper
retaining the compound of example 2 with § mg/L of phosgene.

Figure 6 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 without the exposure on phosgene, photographed at 365 nm.

Figure 7 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 0.8 mg/L of phosgene, photographed at 365
nm.

Figure 8 is a photograph illustrating the image of the filter-paper retaining the
compound of example 2 and exposed on 8 mg/L of phosgene, photographed at 365 nm.

As shown in Figures 6 ~ 8, color of the filter-paper retaining the compound of
example 2 exposed on phosgene was changed, compared with the filter-paper retaining
the compound of example 2 not-exposed on phosgene.

Therefore, it was confirmed that gas-phase phosgene could be easily detected by

using the compound of example 2 with the naked eye.

<Experimental Example 5> Evaluation 2 of phosgene detection ability of the

compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of gas-phase phosgene.

The gas-phase phosgene detection ability of the compound of example 2 was
evaluated by the same manner as described in example 4 except that a thin glass plate
was used. The results are shown in Figures 9 ~ 11.

Figure 9 is a photograph illustrating the luminescence of the glass plate coated with
the compound of example 2 without the exposure on phosgene.

Figure 10 is a photograph illustrating the luminescence of the glass plate coated with

the compound of example 2 which was exposed on 0.8 mg/L of phosgene.
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Figure 11 is a photograph illustrating the luminescence of the glass plate coated with

the compound of example 2 which was exposed on 8§ mg/L of phosgene.
As shown in Figures 9 ~ 11, fluorescence properties of the glass plate coated with the

compound of example 2 exposed on phosgene were changed, compared with the glass
plate coated with the compound of example 2 not-exposed on phosgene.

Therefore, it was confirmed that the compound of example 2 of the invention is
effective in detecting gas-phase phosgene by observing the changes of fluorescence

properties.

<Experimental Example 6> Evaluation 3 of phosgene detection ability of the

compound of example 2
The following experiment was performed to evaluate whether or not the compound

of example 2 was useful for the detection of liquid-phase phosgene.

30 ug of the compound of example was absorbed in 30 mg of silica gel, which was
treated with 3 ug or 30 ug of triphosgene dissolved in chloroform. Then, the changes
of fluorescence properties were observed and one of the results is presented in Figure
12.

Figure 12 is a photograph illustrating the fluorescence characteristics of the silica gel
retaining the compound of example 2 after the treatment of 30 ug triphosgene.

As shown in Figure 12, fluorescence properties of the silica gel retaining the
compound of example 2 treated with phosgene were changed, compared with the silica
gel retaining the compound of example 2 not-treated with phosgene.

Therefore, it was confirmed that the compound of example 2 of the invention is
effective in detecting liquid-phase phosgene by observing the changes of fluorescence

properties.

In the above Experimental Examples 1-7, it was found that the compounds according
to the present invention react with phosgene or DCP in a gaseous or liquid state to
induce changes in fluorescence and color development at nM concentration, which
induces different changes according to whether it is a phosgene or a DCP. Ac-
cordingly, the compounds of the invention or compositions containing the same may
be usefully employed for phosgene and DCP detection, And can be used in the entire
industry as a detection composition and a kit which are capable of selectively detecting

and sensitively detecting to exposure of phosgene and DCP.

Industrial Applicability
The compound for detecting phosgene and DCP (diethyl chlorophosphate) of the
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present invention can selectively detect phosgene and DCP (diethyl chlorophosphate)
either in the liquid phase or gas phase by detecting the changes of fluorescence and
color development very quickly within a few seconds with nM sensitivity. Therefore,
the compound can be effectively used as a composition and a kit for the detection of
one or more compounds selected from the group consisting of phosgene and DCP
(diethyl chlorophosphate). In particular, it can be useful in the field where human
resources must be protected from the exposure of phosgene and DCP (diethyl
chlorophosphate).

[364]

[365] Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily utilized as a basis for modifying
or designing other embodiments for carrying out the same purposes of the present
invention. Those skilled in the art will also appreciate that such equivalent em-
bodiments do not depart from the spirit and scope of the invention as set forth in the
appended claims.

[366]
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Claims
A compound represented by formula 1 below:
[Formula 1]
ne
e
A

(In the formula 1,

1o

x EN
B N o T
R? RO

A is

The above R! is -H, C,_j, straight or branched alkyl, C,_j, straight or
branched alkoxy, or 4-7 membered heterocycloalkyl containing 1-3

hetero atoms selected from the group consisting of N, O, and S; and

The above R?, R? and R* is independently -H, C, , straight or branched

alkyl, or C, i straight or branched alkoxy).

The compound according to claim 1, wherein R! is -H, C, s straight or

branched alkyl, C, s straight or branched alkoxy, or 4-6 membered hete-

rocycloalkyl containing 2-3 hetero atoms selected from the group
consisting of N, O, and S.

The compound according to claim 1, wherein R! is C, 4 straight or

branched alkyl, or 6 membered heterocycloalkyl containing 2-3 hetero

atoms selected from the group consisting of N, O, and S.

The compound according to claim 1, wherein the compound rep-
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resented by formula 1 above is the compound selected from the group

consisting of the following compounds:

H N @ , HZND , HZN]@ )
L., Co ??
Il\l O l\‘l " i

o l?' o " N O

‘ e

)

[Claim 5] A method for preparing the compound represented by formula 1 of
claim 1 containing the step of reacting the compound represented by A-
LG with the compound represented by formula 2 to give the compound
represented by formula 1 (step 1) as shown in the below reaction
formula 1:

[Reaction Formula 1]
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STEP 1
H;N H,N
A-LG 2 -~ j@
HN

|
A

(In the reaction formula 1,
A is as defined in formula 1 of claim 1; and
LG is =0, =S or halogene).

[Claim 6] A composition for detecting phosgene comprising the compound of
claim 1.
[Claim 7] A composition for the detection DCP (diethyl chlorophosphate)

comprising the compound of claim 1.

[Claim 8] A kit for the detection of one or more compounds selected from the
group consisting of phosgene and DCP (diethyl chlorophosphate)
comprising the compound of claim 1.

[Claim 9] The kit according to claim 8, wherein the kit is to detect the changes of
fluorescence or absorbance caused by the changes of s-conjugation
system of the compound of claim 1, which is resulted from the nu-
cleophilic attack of phenylenediamine included in the compound of
claim 1 against phosgene or DCP (diethyl chlorophosphate).

[Claim 10] A method for the detection of one or more compounds selected from
the group consisting of phosgene and DCP (diethyl chlorophosphate)
comprising the following steps:
contacting the kit of claim 8 with the sample to be analyzed (step 1);
and
evaluating the changes of fluorescence or absorption properties of the

kit of claim 8 after the contact of step 1 (step 2).
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[Fig. 7]
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