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o71A, R H, CHs, Cills, Cells, Cl, Br, (N & ol 3ty e A= o2 F 79 dih= FA44,
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g}eka lave WlZ2-54-1,3,5,7-HEZ M BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY)
A7E 5
AI3F L= A4l lolA,

7] Wb 1 HEE 9bSA] laolA] F8he] 2 T 38k 2a% B4 ol ghS(ETON) 2t I 2 d (pyridine) 9] F-3H]
4:6~6:49] E3RMo|x slo]=ZAjolul slo]=R I EZ o] = (hydroxylamine hydrochloride, NH20H - HC1)7}
A7tE o] wkeEE Ao EFol Jdr 24 vt HEE IEE A,

XAT% 6
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AT 7

A1g == A2de] stEd 1 e 31E] 1a 3MgE ZPdddS Aol =(poly(ethylene oxide, PEO)7} tho]
S22 e (Dichloromethane, CH2C12) oA Z& = o] Ag]7} TLC Zdo]Eol| e T4 AEE AlA.

yige] dy

2 oayge ¥4 HEE S3E 2 olE Xos Al #ek Aoz Hul AASHAIE v (meso) Aol FA]
(oxime)o] =% BODIPY &FA¢l 1-2A(1-oxime) ¥ EAZ10] ¥ o2 UEZH(nitrile)o] AAHE HAYS
< o] &3 27S Ao R AT = e A 540 e 227 AEE SFE 9 ol kv AlA

¥ 270 (phosgene) & Ao A FAo] - mAo] gt Tpzoln Eel fulw B EE] JhRelE, AFAl, 9
T g oefEe] AFAR o]pAloMlo|EE Azt H AMSEE Tad A 88 2ol st

391 10%el ok vl BE HA Aoy Aol v 5ol A 1A elY] Wl 12k AA WA 7
Al BHEHE7IR AR 0] 100,0007 o] APdAE wHEe] of i 38t A FE(CIM)E 4HA7IE AUt
A% AlA7Eseh e o gt FrlEn G AwAA, JA W = 7] Wil a3l o3 HeE &
A& 9% A 7ksd 83 w12 ARG Tk E2ll Bppm o)l @I mEHW E, &2, dF, IR
2 EEFV ASE FEE v A HRE, AE ) ARl ol2s A U dt

E3], A}¥(Sarin), 2% (Soman), E}H(Taburn), tholold Z2=Z AT o|E(DCP(diethyl chlorophosphate))%
s}t WA GEF I, L2 (phosgene)= HHZAQ T4l fle FE7I7F EAStY, FEV] Fgdol Ex=A
(phosgene) fo HAdo2HE HEFo| dAst At Abgo] ol2 4 Hr}.

A, g2 B Q= EA(phosgene) = EFBAE HAT FHo} APFOE WALA olRE BuE
S o9 el AwEA Eekn Atk me, AR A% 9 ghie oo AAL wAshs Wekel AgHel 9
ouh, E7(phosgene) o) 5, AAHOR Qe A§HIL FaMe] AABAR gl oleke HEE,
FA, ClHE % olaohilolEA EYviE AN 4887 Wit Zelol At olehe] AR wFH
of AslE WA el AviHow

wpebA], 2 (phosgene)S g w23 G&stA HES] o|2HE AWS HIEsE I wl§ Fosta, o
Elo] 71AlY 3let HAA FERHE MEQ I HE: wer w3 sierd o) o
Z2A gSxEe AR (Mass  Spectrometry  (GC/MS,  HPLC/MS))®  ZAgE  IzEvlE1dy]

1%, A7) W, wAl BAEX(colorimetric  procedures) ¥ ¥@F B
)S EFS ¥y RUHE Z|Eso]l AMEA vt O FAE FF VI A Alx=H
= El £ Hoygdo g Qd fesit).
A F7HA Haw I thek tiF-Eel dY BEMYE IzmH EAF olYlsts Fvldl(amine-containing
E]

coumarin), UY3>XEo|u]=(naphthalimide), BODIPY(4,4-difluoro-4-bora-3a,4a-diaza-s—indacene), =T}9l

(chromatograpy) 7
(fluorogenicmethod

=
[e] 2~ [e]
2 s g, =2 0
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(rhodamine), ¥ ZW(pyronin) %= ®WlxE o}t]jo}Z(benzothiadiazole) dJho] o} A3} W3S A3l Atk

Hel 44 wAe ghad.

T 1& 7€ ¥ 2wk or BRE AAE(PeD)HHS, A Astol s (ICDHHHs 2 3 3 oy
Al ARG (FRET) W&ol digh Mg zoltt. A7) MdkelA &FF "off-on"2=93 w7lUFS AT ofvl1Fe
AR} Q3 (electron-withdrawing)oll 93 W3 oz RE 7% F&% HAAAY (Pel) EE B HalolE
(ICD) ] A 7] z¢lt}.

719 ol Al ¥3F X ZH(amine-based fluorescent probes) &7 2150 QojA PeT T ICT WAYSF o
Sk e b, AbsiAl F ool s/ 14kl shEtell od WAlE S qlon ol Y] E¥AEe FARE SHo=E

Rl =S ESHE A2017-0099760% ' E~Al(phosgene) X DCP(diethyl chlorophosphate) HE& 33&E
9 ZAE'(E3]E3 0001), =¥ Santu Sarkar and Raja Shunmugam. Chem. Commun., 2014, 50, 8511-8513(H]
5 )

EFEE 1). oA HT g8t A RS AZs] 9 detel 33 wmi whal WalE Alga Al sdte] A7)
=i glon,

olggt el wHA X ofds] By AEsta Wt gx U= mEA AST 5 e FF AN T DA
Aol ko]l @at= sl Qlul, A, ofele] &8 AR FE(CWAU 7[AZHE Addoz B4 84, dF &
o X271 AEE = AT AA RS ofH7hA] o] Foj A A] KFkal Tt

HY7| e

53]£¢

(B3¢ 0001) dietl=37153 #|10-2017-0099760%

e
(B &3 53 0001) Santu Sarkar and Raja Shunmugam. Chem. Commun., 2014, 50, 8511-8513.

ggol &
s EdstE = A
2 ¥ 27(phosgene) HEE 3IES AFsh= Holt).

2 gl g2 5xe =9 349 W (pH, polarity)dl 9&S WA g ¥ 2 7(phosgene) HEE I3AES

EgFsh=, E 220 (phosgene) e AE8 AME Aleshes Aol

79 HE e
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o714, Re H, CHs, GHs, Colls, Cl. Br, T o= FY e AR o2 T U 942 FAAHY, RE H,
CHs, CHs, Cels & o= sl} = M= v& 5 Jie] ¥4z 4%, Ry H, CH;, CHs, Clls, Cl, Br & ]
o BmE AR 02 R oY 947 14

wak B oo A7) RiE H, Ry W RyE EFCHel Aoz,

&l7] 3tebd 1laZ YElUE wWZRZ-241-1,3,5,7-HEZHE BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY)<I!
7

W o] gk 22 FAIEE SEENEH o] wked 1ol sl sheh 1R FAIEE 2270 A

[Wh&-2] 1]

A71A, Rie H, CHy, CHs, CHs, Cl, Br, CN 3 o= 3} == N2 g2 F /o 942 FTAHY, RE H,
CHs, Colls, Cell; & ol 3l e A2 o2 F A9 Y42 T4, Rye H, CH, CGHs, Cls, Cl, Br & <
2 e F e Qe T4

TR B U2 A7) ek 1" 29 R H, R B ReE BT (HS Aoz &) wkeA ladl o8 shehA 1
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[WFE-4] 1a]

o714, ek 2ae WX-¥=21-1,3,5,7-H EZHWE-BODIPY (meso-formyl-1,3,5,7-tetramethy1-BODIPY) ] 3L
3lsta] laxe W Z2-341-1,3,5,7-v|E2HHE BODIPY (meso-oxime-1,3,5,7-tetramethyl BODIPY)

Eeh 2 w3 WA 1 B e laclAd A 2 B 84e 2av S ol @2 (ET0M ¥ vield
(pyridine)e]  H3u]  4:6~6:49]  E3rgdoA]  slo]=E Ao}yl Flo] =2 3 F 2 2Fo] = (hydroxylamine
hydrochloride, NH20H - HC1)7} H7FE o] wkSEE Ao EAo] e 24 71~ A& $ 33E AXES A

A 228 vk o & Pel, ICTHHE 2 FRET ¥Hg-ol tigh 7id o],

T 28 B dye 22 228 g o R -4 (1-0xime) 9] I-HEZH(I-Nitrile)29 WS HAFE MdE

% 3av 1-ZA(1-oxime)9 3+ o9l wlZ-=41-1,
T

,7-HEg}u el BODIPY( meso-oxime-1,3,5,7-tetramethyl
BODIPY(3}812] 1a))e] thekst Suljol A &5 % y

gz olt},

T 3bE 1-YEH(1l-nitrile)? 3+ ol wz-EH-1,3,5 7-HEZHE  BODIPY(meso-nitrile-1,3,5,7-
tetramethyl BODIPY(38}&4] 3)9] thafst §uol A FF= 2 Y Zxo gk azfzo|r.

= 49 (a)MZE-=4-1,3,5,7-HEZHE BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8h2] 1la) % ™%
-UEd-1,3,5,7-v|Ez} e BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(3}8H2] 3)9] AXlE ZEE|o]
Ak enga oug ouyAe digk dwela, (b)E F N9 REFRCA wFE-%41-1,3,5,7-HEZE
BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY, 3}3}4] 1a)(MeTHE &v) ¢ &% W= ¥ Eg}o]| 3t 1=
ol (o)E duEe-2¥AME  &vivld  did wWx2-%4-1,3,5,7-HEZHE  BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3}8t2] la)e] B4 W& A Eg} djgh 1oty

W Z2-841-1,3,5,7-8| E2}v|"® BODIPY(meso-oxime-

ki)

= 59 (a)= EZXE27A(triphosgene)?] <ol

k)
i
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1,3,5,7-tetramethyl BODIPY, 3}8F4 1a)9] 34 AHEH (
oxime-1,3,5,7-tetramethyl BODIPY, 3} 1a)e] &34
A EgEolr (d)+= 570mmoll A At E 33 = (F/Fy)oll &3k 1giLo|t},

= 69 (a)v Wxz-=4-1,3,5,7-HlEgtd ¥ BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8t4] 1a)<]
(A=570nm)oll Al WE§AIZE]  wE  FFAEe]  wstagizoelw, (b)E  WER-$4-1,3,5,7-HEZHE
BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8t4 1a), w|Z-4EE-1,3,5,7-6|EgtdE BODIPY(meso-
nitrile-1,3,5,7-tetramethyl BODIPY(3}&2] 3)2] ¥F<4d=(Photostability)E HoJF+= L Lo|t},

= 72 HF-24]-1,3,5,7-tlE&HE BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}32] la)o| A | %-
UEZ-1,3,5,7-HE&}H e BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY, 384 3)= wrodsZE 3elst
% 9= HNR 2~ E o},

T 88 mx-24-1,3,5 7-6HlEzM Y BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8H4] 1a)¢] v}erst
B E(analytes)d] gt 33 Bl w3 (Fluorescence turn-on responses)d] t3dk (a)EAHEFH (b) A7
oF HukE (O)AIF H(DUV ZAPIA BHE H7HE w|x2-54-1,3,5,7-E1EZ}HE BODIPY(meso-oxime-
1,3,5,7-tetramethyl BODIPY, &}8}24] 1a)3} whg- 9] Apxlo|ty,

T 9 30% ¢ A AwRed x=Fd wx-241-1,3,5,7-HEgHE  BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3}8H2] 1a)/PEO°] 33¥ TLC Z#olEY M(a) ¥ FF(b)yr-3o] thdt Apxlolt}.

-

= 10& 302 Tor tokd BEAEY =W W %-241-1,3,5,7-vlEg e BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3}8F2] 1a)/PEO°] &3 TLC Z#o|ES M(a) W &F(b)yFSo] thdt Apzlo]t},

2y 517 A A g
ok W wgel WA NS PAs APsslZ Bk $4, ¥ owPe ARl e,

pul

2 Gkl
2 g0l diE A A B age] axE REeH] @A sh7] ffste] AR

ol

A7)

e

2 gAAel A ARREE Ao &o] 'of | 'AHA R T2 AdFd of afrgk Az H & &7t
P4 H B =

AAE @ 1 SR e o2 AbgEa, 2 oune olalE B $lsl AEsAL A
4ol £A7} A AN WEL HFAH AN B ol g A2 WA A8l AgEh
Bowge oy Bt 12 BAHE 2a2 A58 SR d Aol

o714, R H, CHs, Clls, CHls, Cl, Br, (N T o] s} B A2 2 F 79 442 FAEYH, Ree H,
_‘:,i

CHy, CHs;, CHs 5 o= s} = AZ o % /e 942 PARS, R H, CH, GH, CHs, Cl, Br % ©f
LoE EE AZ BE T ol 942 749 5 9

B odwye ojn Iy 33 ZzH E#HQl BODIPY(4,4-difluoro-4-bora-3a,4a-diaza-s—indacene)9] ™%

—15]— R4
(meso) ol A4 (0xyme) 717} X8 Ao SAo] low, L3 2,3,4,6,7,8 &2 A Ry, Ry, Ry
ZHE A7 2o A7e e EAo] Qe 34 13 7 FgES B ougo s 1-24)(1-0xime) o] 2

gt
To2v ¥ oyl ¥zl Z2HgkgoR 1-54(1-0xime) 2 EAZ19] whg-o o3 1-UE-I(1-Nitrile) A4S
[e)

g9 ¥®
BolFE dkelt. Bu AHAsHAIE = 29 1-542 Ri7F H, Ry B RyQl CHzol 4-9-9] & o= wZ(meso) 9
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9] A4 (1-0xime)©] U&= 842 1o] 273 wbgsl FA Y 7] A7 d71%2 7 (Base) ol Al e =]
g2 (Dehydration) 2.2 1-UJEZ (1-Nitrile) 02 1 &= A

7 Z(nonradiative relaxation pathway)®} THAHo] A3 W2 FF YA & (OF <0.1)o] FH=E & 9l

2 ol AMgEE BE A AFd dvEE AldoR e A9 S AR 4 o F7HAR]
AAE Quh. AAgEE RE o= dy] WAe A @ 3 3382 & (spectroscopic grade solvent)o]t}.

B

4= o &2 (Anhydrous ethanol), &9 (pyridine), E=zZ]¥E2A(triphosgene), oFHE ZF=Ze}o]=(acetyl
chloride), =44 Z=ZFo]=(oxalyl chloride), p-EBFd EXd ZF=ZFo|=(p-toluene sulfonyl
chloride)(p-TsCl), tollgd ZFZZ ¥ A#o]E(diethyl chlorophosphate)(DCP) 2 Tlo|” AlolmE AT o]E
(diethyl cyanophosphonate)(DCNP)&= €3} o AFE(Alfa Aesar)ZHE Fufste] ARE-sFATH

Zg (Ao =) (Poly(ethylene  oxide)  (PEO, MW = 200 000) 2  $A|33}21(phosphorus
oxychloride) (POC13)2 AlZvwl-&=2]X](Sigma-Aldrich, (St. Louis, MO))ZFE Fujste] Alg&3H, A3ElQ
d(Thionyl chloride)(SOC12), 94HHCLD), EEFZoPAEA  trifluoroacetic acid)(TFA) B Eg]dldo}vl
(triethylamine)(TEA)+= AHI&}8H(gh=)oll A Fujste] AR&-gheh. gk AE]7bA(40pm) S M A (Merck) 258
i 3} AT}

b o=
=g

o,

zA(Zad

14
onl
o

)el dagh

e

M 222 FF Schlenk 71&& ARESHo] o=t 7]Astoll A 33l

MR(H 2 “0O)~#E®S Bruker 400MHz 22#E 2u]E](spectrometer) = JEOL 400 MHz 2-%E 2u]E

(spectrometer)E AR&3}H W oe e oAz AZ E(chemical shifts)e ZrFEwielolA ppm(parts per

million) B2 S4stgon 6= A

A7) MR (1 2 0 ~HEY F R (Splitting pattern)S s (singlet), d(doublet), t (triplet), q
(quartet), m (multiplet), and br(broad)® TFEslH, TN E HAA} BF o3} (HR-ESI) Az ~AEHLS

Korean National Center for Inter-University Researcholl A =3 % Sit}.

4= 2~ EH (Absorption spectra)s Scinco UV LAMBDA-465 spectrophotometerS ©]-&3}it}.

% =4 (Fluorescence measurements)< ZA=Z Zo|7F 1em¢l Al FuS AFg3l= Hitachi F-7000 §% &%
EAE AFESEA T

33 42 =& (Fluorescence quantum yields)< 7]|+E22 ZF A2 (fluorescein)(®F = 0.95 in 0.1 N
NaOH)S& o]-g3&te] =AY ALY} Zrh-6G(rhodamine-6G) (OF = 0.94 in EtOH)E AM&&kqich.  #ol= g9

(Life time)Z3A7|7e =723t A1 U (Korea Basic Science Institute, (KBSI))ollA mwlo]a ZE}Y-
200(MicroTime-200)<5 ©]-&3}3it}.

Do

. 1= (1-0xyme) HAI MW

obel w34 13} e,

rlo

=54 (1-Oxyme) 3F8H4] 19| g
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(W2 1]
714, R H, CHy, Cls, Cells, Cl, Br, CN & o] sy & M2 o2 F /9 942 #4599, R 1,
CHs, CHs, Gl & o= sh} =& A= t2 F 749 942 F4%3, Ry H, CHy, CHs, CHls, Cl, Br & ©
el e AR uE T oA AR A" 5 AT
47) 8heka 2 5 A ol wEE =% 298 (Kim, S.; Bouffard, J.; Kim, Y. Chem. - Eur.J. 2015, 21,

17459-17465. 2 Krumova, K.; Cosa, G. J. Am. Chem. Soc. 2010, 132, 17560-17569.)° 4] <& R EAZHA A
AlE S ook A,

471 TR 518H2] 2014 Ry, Ry CHzolal, thvh R 59 EdojAY, v& 5449 F o 47 Ry,
Rp 9 272 335 11~16014 HoJFa gt}
471 11~169014 gH = A e 318k 29] P taiA = A7) e SaiA] dE 5 ATt

st7lel = FAde] dE Ry, Rye (ol Rio]l HY wlx-x24-1,3,5,7-H|E2te  BODIPY(meso—formyl-

1,3,5,7-tetramethyl-BODIPY) ZF-H 1-Z4 T 3 o wH=z-24-1,3,5,7-HEZHE BODIPY(meso-oxime-
1,3,5,7-tetramethyl BODIPY)A|Z=HHol thal] A 3lc),

_11_
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2-1. W x-£4-1,3,5,7-"HE= e BODIPY(meso—oxime-1.3.5.7-tetramethyl BODIPY, 3}8+2] 1a)¢] $HAIHIW

A2 (room temperature)oll A F-ol ek (EtOH) ¢ ¥ 2 < (pyridine)& H3H] 112 E3H&m)] 5mLol] A7) #=
-¥2%-1,3,5,7-e|E2}H ¥ BODIPY(meso- formyl-1,3,5,7-tetramethyl-BODIPY, 3}8}2] 2a)

0.22mmol, 60mgs &313 & slo]=FE Aoyl Flo|=2 I E & 8Fo] = (hydroxylamine hydrochloride, NH20H - HC1)
2.2 mmol9 150mge H7}Eg 3},

4oz Ml (hexanes) T olEl olAlE|o]E(ethyl acetate)sS 10:12 A}E3sl= A|7F AojA ARvEDL
hy A A3 (57 mg,90%) S F53FATT.

'HONWR (CDC13, 400 MHz)®] ]2 54 § = 8.23 (s, 1H), 7.76 (s,1H), 6.06 (s, 2H), 2.54 (s, 6H), 2.19
(s, 6H). 13C NMR(CDCI3, 100 MHz): & = 157.0, 145.3, 142.3, 131.4, 129.7, 121.4, 16.1, 14.7°]aL, L3}
A5 Az} BE o] (HR-ESI) Ak ~#E&e CL4HITNIOFZB [MHH] o] el AAbx= 2021433, A2
292.1433% YEFA

3. folo] v A W 3 BX(Colorimetric and Fluorimetric Assays in Solution)
ol9} #EE AL ALox EgoEol W (TEA, 100uM)S 38l CHON F  1-24(33H2] 1) & el A
Z-241-1,3,5,7-tlE&}d & BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}3F2] 1a)(10puM)e] &l

CHsCN Z9] Ef]E~A(triphosgene )¢ BH %S A Aslo] =381 T).

-5 F shbel S La(0ulDel F4 2 I SAEH (hexe = 530m)9] WS RUEPRAG. B 2
Al WA FARA(HANGTER E2ACNEDP), U DA oheE 2T D)), 5749 oba st/
A (23 Bod(S00L), SARERAPCL), p-EFALLY SR ] E(p-TsCl), SISz =((C0C1)),

ofAl"l FEeO]=(CHL0CI )R 2F9] AHEZEFLEAEA(TFA), HCDol =FA] 318H4 lao] 4 R &3

& wwsr.

_l

=
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4. I AAE 9

g

27 A (Solid-State Phosgene Sensing)

W Z-241-1,3,5,7-EH|E2# € BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}&2] 1a)/ PEO &% TLC
1-2A (3] 1a)(Im) 3 ZZ (o "€all 2A}o]=)(PEO, 0.3mM)S CHCl.ol ov] &3k g 5yuLS TLCH
(15mm X 15mm)<} $+FHHe Wojmea F7] Fo| 7XRA|A FH[88IT.

6.75, 33.75, 67.5, ¥ 135 mM, CHCl;)E 2zt gdoz Fujagion 7z gy
2 10pul 2% oml 958 &7]d @don AL 42 &714d 0.1% TEAS -3k CHC19) 10ule F

H

W Z-241-1,3,5,7-e|E&}# € BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}s}2] 1a)/ PEO ek TLC7}
305t 24 shxe wEHon dFzA ZD UV 2AH365m) 2 A ARS A

A3} g A

1. 34 (Synthesis)

i
9,
lo
é}g
SN
=
i,
_EL
H:l

271 2-19] meso-oxime-1,3,5,7-tetramethyl BODIPY(&}8t2] 1a)e] sHidut A7 w-g
T datEE AAEQA  HE-UEZ 7] (neso-Nitrile)x= ol ¥k$-219] HAduliel %El'ir(Kim, S.; Bouffard,
J.; Kim, Y. Chem. - Eur.J.2015, 21, 17459-17465.)0 A A/HE 3}7] whgo] ol&) Fu|3dit}.

=
b
Y NH HN= i
Bre

3

2. #7352 A2 (Photophysical Properties)

1L CH3CON Bwfol A wlx-<41-1,3,5,7-6 =kl " BODIPY (meso-oxime-1,3,5,7-tetramethyl BODIPY, 2}3}2]
la), WZ-UEZ-1,3,5,7-t|EzHE BODIPY(meso—nitrile-1,3,5,7-tetramethyl BODIPY(3}&t2] 3)o thzl %
=9t 4EE HolFe meolth

F 1
ﬂ—@—% A‘ abS ,max 8 A‘ em,max @ F T av
[nm] M 'en ] [nm] [ns]
1-oxime 508 82000 533 0.0001 0.38
(s}st4] 1a)
l-nitrile 554 105000 572 0.67 5.41
(3ot 3)
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¥ 19] CH3CN gvfolejo] thE &mo® FfAls 5E4S ola glom #dHE J2E = 3a € & 3bolA] B
T3 9o &ne FH A F&FS WAGy HAY S5 9 HdU ¥F A= =] Fdo] fAES &
4 Ut}

CH3CN gmfoll A W Z-34-1,3,5,7-HlE2}H e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}&2] 1a)&
A F4x 9 g% Zx wgol Z4zh 508 9 533mmelvh. wlR-4E--1,3,5,7-8E2kH € BODIPY (meso-
nitrile-1,3,5,7-tetramethyl BODIPY(3}3t2] 3)& (N7|¢ #HAt11e A A(electron-withdrawing character)©]
7kl o8 A & 2 Y Zx vbgo] 554nm 2 572nmZA H A Ho|(Red-shift) F9 540 ).

= 49 (a)MZE-=4-1,3,5,7-HEZHE BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8t2] la) % ™%
-UJE"-1,3,5,7-H EZHE BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(3}8H2] 3)¢] AtE ZZEE|o]
B2 onjetal onjg ojuxel didk MdHolxu, (e F /A 2N wx-$4-1,3,5,7-HEzHd
BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY, 3}3}4] 1a)(MeTHE &v]) ¢ &% W= ~#Eg}o]| )3t 1=
olat (o)E JdeES-ZYAHE  gwjnld] tF wWx-$4-1,3,5,7-HEHE  BODIPY(meso-oxime-1,3,5,7-

tetramethyl BODIPY, 3}38h2] 1a)9] &34 W& 2 Ede]| U3t g Xojc},

w Z-2-41-1,3,5,7-H EZH e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8tA 1a)3 HF-UEH-
1,3,5,7-HE&H# e BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(3}8H2] 3)eo] Az} Holoyxe] A
Astel ZEE] A engy H" oYX R o3 uEhdvh. ] ALtE g 3] wER-S4-
1,3,5,7-6lEgbdEd BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8F2] 1la)3} W x%-UEH-1,3,5,7-HE
ghvl|El BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(3}8H4] 3)¢] wlz9x]e] 87| Wzl A}
11 Qg o) ds Wt

A7) Wz-UE#-1,3,5,7-HEZHE BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(&}&2] 3)7} A=A} 11
= Aol & YEHIIT bz X5k LIMO7E olvXH o2 eb4gsl o HOMOSF oluX] o] E4E7] Wi
of 19 # Zo| FE 2 IR Huupge] A7} ool Ao Al A H T,

A7 HAHEolol AEE l-oxime(38hd] DellA 53] Ro X 3r]je] FEIo <o YAA Wl (steric
hindrance)dl 934 7 AE7} F+2=2 4 9},

I-oxime(8}gt2 1)< gk o A1-1,3,5,7-H Eg}w e BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY,
3}sha] la)S R wlx2X 3] 9x19] FAo] R CHel A2 H AF-Roh 4140 Wsarrt AA SA77)
BODIPY® Atk (boradiazaindacene ring)® &32Ql n-conjugations AT & S AR FAEH Feol}
F2AAR ¥be & dAEE HZR-4EH-1,3,5,7-HEZHE  BODIPY(meso-nitrile-1,3,5,7-tetramethy!l
BODIPY(&}3H2] 3)= UEZZ(-(N) 9] UAIY FI7} ZFola] R,o X379 fAIA kS & vk, mahA R
o A Hu7t F4E 1-234 (1-oxime) (342 1)3} 1-YEH (1nitrile)7te] S5 2 37029 Hdg)
ol HaHo|7 o A 4 Ut}

EESER

PFFAE (fluorescence quantum yield, @p) B EEFHO FAAZHexcited-state lifetime)= 7719
olfrsh deh. WzSIA e WA 1= AZIAbe], Rl FAA &I Az A ] SA71sh YD) viAE 2
of e8] 9FE vHT. #le BW viE-YE™-1,3,5,7-HEeE BODIPY(meso-nitrile-1,3,5,7-
tetramethyl ~BODIPY(3}8t2]  3)7}  w|Z=-$41-1,3,5,7-8lEewd  BODIPY(meso-oxime-1,3,5,7-tetramethyl
BODIPY,  3ehd  la)Ru  HWEFZA  BEFAF(e)7t =AY, £33 FFUA5E(fluorescence
quantumyield, @p)o] 43MAE & & 4 At}

3. Bl E27 A4 (Phosgene Sensing in Solution)

< 54 0] l §- anz, Agge A= oL 5t E27 AEADZ Efxaal
((bis(trichloromethyl)carbonate, triphosgene)< AFE3}3TE. 242 Egjodolvl(triethylamine, TEA)
L) z7A A EEA7(triphosgene)o] A (in situ)olA] &3 d

= 59 (a)= Eg¥2Z(triphosgene)?] <o wWE W 2Z-24]-1,3,5,7-HEZHWE  BODIPY(meso—-oxime-
1,3,5,7-tetramethyl BODIPY, 3}&2] 1a)9] &4 2HEH, (b)= #HZEZ-=24-1,3,5,7-HEZHE BODIPY(meso-
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]
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oxime-1,3,5,7-tetramethyl BODIPY, 382 la)e] ¥HF WE ~FEH]| st X, (c) 554nm IHF ol A
ke, (A= 570mmell A e d-g = (F/Fo)oll ¥hgh e szojnt,

25ColA  EgoEoldl(triethylamine, TEA) 100uM, wWZ-241-1,3,5,7-elE&HWE  BODIPY(meso-oxime—
1,3,5,7-tetramethyl BODIPY, 3}82] 1a) 10 uM7} £33 oA EYEH(CH3CN) &l EZE271(0~50 uM)S

A9 A Fashe,

W Z-%41-1,3,5,7-6H|E&td ¥ BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8t4] 1a)e] Eg|xE27l
(triphosgene) & 7} S &5 2 #E 2dEF X o]F(red-shift)S FEEIom AF=H= &4 o
UEH H33 dX gt EgE 22 (triphosgene)o] F7tA4% Agh Aoj M (light salmon)oll A 3 A4 (pink)
o= gHo] Ao] WizsldS & & vk, oluf, 508nm IFoNA FFMETL AR>S FolEAL, 554 A W
Z-4Ed-1,3,5,7-H =" BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(8}&}2] 3)<] FFwH=7} A
3 HzF S7FE 3 Aok, 525mmell A sube] &4 (isosbestic point) WX EFstHoz FHEEE AAE
wWZz-UEZ-1,3,5,7-HEZHE BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(3}8+4] 3)eo] &A1& 7}
A=

] 2-0], CH3CN-TEA-&wjoll A HWZ-2-41-1,3,5,7-H Eg}e|e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}
sk 1a)d} E]XE2Z(triphosgene)?] HFSLS 570 nmol| A1 9] 33 dl=of A HA Holo] ZZ}2 <l S 714
goh. ol s AEe 719 AA Hel FFwE M7 TV ERZA7(triphosgene)o] 9EAAS & 5

ATt

A .}

= 69 (a)= WFEz-=4-1,3,5,7-tEZHE BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY, 3}8}2] 1a)9] A
=570mmoll A Wh-g-A[Zbe] mE FFAEe ®Wzlagzeln, (b)E wWx-£41-1,3,5,7-HEzHE BODIPY(meso-
oxime-1,3,5,7-tetramethyl BODIPY, 3}8t2 1a), HHZ-4EH-1,3,5,7-HEZd e  BODIPY(meso-nitrile—
1,3,5,7-tetramethyl BODIPY(3}8t2] 3)¢] & %<4 = (Photostability)S HolFE @ Zolt}, o]zidh Wk&&
10z0|ye 3PS (fluorescence turn—on)©] AE T 1X7F5-F 500nm oA A E&A WALS 5= -y
3+ Z<4 A (photostability)S zkal gitt.

Eg ¥ 270(triphosgene) 1 B (E2=Z 39 olsh)S H7MES o, CH,CN-TEAEvulellA  570nmell A & F A 7]
110008} 7+ (AL gkt B3 3-8 o FA43 WH3l= UVEAH(365nm) oF 2 ol A
fA FEEY.

oA EYUEZ(CH3N) o] o] EFl(toluene), tho]ZFZEw|H 2 (Dichloromethane) {ujoll A% 10Zo]e] 3%
gkg-o] HAlE S ok 4 Qi)

= 5(d)e EgFE2A(triphosgene)d F=9 ZF7H0~10uM)el wE 570nm FFHEL =& AE AT
(R'=0.991) Holztl. 47] A8 ARWANES Hol3i= HAupe =227 (triphosgene) 5= 0.31nM(E
27 &% 0.09ppb)o]t}.

>
ls
b
=
1
1o
ofk

4
o
fi
fr
1o

¢

A1-1,3,5,7-dlE&}H € BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8H2] 1a)9] ¥2Ale] X &2H

Z_Q Al

T

2 = 1A ARE Ve FFz2ng AR whgARta&o] Hojutt
S

[H

fol

79] W Z-=41-1,3,5,7-tlE&HE BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3} la)ol A = Z-
EZ-1,3,5,7-dE&E BODIPY(meso-nitrile-1,3,5,7-tetramethyl BODIPY(&&4 3)2 ®r-a2 S 3¢k

o R oy

A HNR Z=Ee|tt, EaAd wgow wWE-$41-1,3,5,7-HEWY BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3&&k2] 1la)old wWR-UE=-1,3,5,7-HEZMWE BODIPY(meso-nitrile-1,3,5,7-
tetranethyl BODIPY(3314] 3)2 A& ~dEd whgoR f1g & ok 2= wgoz ' NR 9494
& (titration experiments)®™ LC-MS #4](analyses)®o] & =H ),

CDsCNgel 1= W Z-241-1,3,5,7-H Eg}H e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}84] 1a)

o] golo] triphosgene-TEAZ A7FsbeA H MRS L SlaArt. wz-%4-1,3,5 7-H=dg
BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8t4 1a)e] 3slo|=FA] A (hydroxyl proton (Ha))+&
9.5 ppmol| A A% 7F o ¥ 2 A (formyl proton (Hb))AEE 8.2 ppmollA A&7t Qo) Hk-go] 13
s Hak Azt AR, dial 958 FA A (pyrrolic proton) A1EE FAPA o R thE = (downfield)
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[0143]

[0144]

[0145]

[0146]
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[0149]

[0150]

[0151]
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(Hc7F Heo =& ol& )= o]&3dlt), whgo] 93] wZz-241-1,3,5,7-tlE24E  BODIPY(meso-oxime-1,3,5,7-
tetramethyl  BODIPY, 3}8t4] 1a)old wWx-yEZ-1,3,5,7-8|EgHE  BODIPY(meso-nitrile-1,3,5,7-
tetramethyl BODIPY(3}8H4] 3)o.2 o]lFsle AS AT 4 ).

S~

A el % (Selectivity)

8o mWx-241-1,3,5,7-HE2H e BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY, 3}824] 1a)¢] tvhaksh
A E(analytes)o] ™3t % ©1L w2 (Fluorescence turn-onresponses)d] thd+t (a)FFAFEZ (h) Ak
£ FGs (OAIG D (DU ZAA BAE H7tE wz-$4-1,3,5,7-ElE24 9 BODIPY(meso—oxime-
,3,5,7-tetramethyl BODIPY, 3}3+4] 1a)3} wk$- 5¢] Apzlo]t},

o Mo i

—

sk 7 FstEe] oigk E2Ae] thek wWZR-=41-1,3,5,7-HEZHY  BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, }8H2] la)e] A¥s E 270 A, 5719 opAdsl/Ql4tkslt &2 (CH3COCL, (COCL)2, POCI3,
SOC12, p-TsCl) ¥ 271¢] AHHCI,TFA) 2 270 A} 2173 7F2=(DCP, DCNP)Al A wEEEA4 o= & 4 Q.

L 8 ()FF=FELDLS 2% A ZolA 570me] FFAET SRS & Ao A Efzaal AA 25
M o}Asl/elatal BA, 279l AF, 2719 BEAL A4 7}2(1, l-oxime 2, phosgene (triphosgene/TEA); 3,
triphosgene; 4, CH3COCl; 5, (COCl1)2; 6, POC13; 7, SOC12;8, p-TsCl; 9, HCl; 10, TFA; 11, DCP; 12, DCN
P)e] AMEAAE FPukgo] ALt

T 8 (DAIZF o P ofAMEYE-(CHICN) &N e wx-24]-1,3,5,7-E|Eetd BODIPY(meso—oxime-
1,3,5,7-tetramethyl BODIPY, 3}8H2] 1a)(10 pM)7F H7M¥lm Egx2A (20 pM)< 3718 & A4 TEA
(100 uM, )& F7tgk A5 Altel W& FF7FE 1ol a TBABr(100 uM, )] A9 aH=% 37
EAEG T, W x2-24]-1,3,5,7-H E2H e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}8h2] 1a)ell tf
g EaAe] MEeAE 5% olUAde o & 9o FAIFAH()T IV 2AH365mm) ZANA MEAE oANE S
T23 4 vk, TBABri= TEAE tiilshe] Egjxszie] ¥zl W Way FHvle] 7]5S v TBABrdj4ldl
TBACIE AM&7F5sld @A HFAwe A7|xte|qt o}, Fagk 3L g FuEAS Frlsir|dodle EF

[e]
gl @Eow oW FAMSE oA e,

S 2 A7 EAA B EEH FulZk S8 AR 2 AYYI% dald Aud, 222
& Ase ABAHAN E22 ket FEEE AL AEAE $EZ DAY 20 AYNES o F8
F vt

AN .

A7 AN EAA AL tolFZEYEH QA (Dichloromethane)o]  Z]ol€ Al S Ao = (poly(ethylene
oxide),PEO) 0.3 mM3} w|Z-241-1,3,5,7-e|E&tH e BODIPY(meso-oxime-1,3,5,7-tetramethyl BODIPY, 3}3}2]
la) ImME &g3star A7t TCL Zz o] E(15mm> 15mm) ol 52ek & AZXFTHS A, wWxz-%4-1,3,5,7-HE
2w el BODIPY(meso—oxime-1,3,5,7-tetramethyl BODIPY, 3}8+2] 1a)/PEO7} S E TCLEZYo|Ex Z7]o] A3
Ao} A (1ight salmon color)e WEW UVHZ(365nm) &3Fo] YEIYRA =),

X0 AARA BACA, TLC S oEx EXAA-TEARYEH A= AAHE 72 2270 98 9

Aol A H .

= 98 30% wot T2 AlFEN »=F¥ WER-24-1,3,5,7-HEgtdE BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3}8F2] 1a)/PEOe] &X® TLC Z#olEQ M(a) ¥ 3HF(h)wkeo] thslk Alxolt}. &
Ippme] ¥ 270l =ZHU % TLC ZHolEe] 39l Hsl 2L UVEAH(365m) A FFiks d=sd 72 F

AT},
T 105 30% o Tekd BAEe w=2%® Wx-£4-1,3,5,7-vHlEgHE  BODIPY(meso-oxime-1,3,5,7-
tetramethyl BODIPY, 3}8}2] 1a)/PEOc] X d TLC Zeo]ES] M(a) & 33 (b)wkgo] thal Alxlo]t}.

A7) BMES 1, BXEo] ¢lx= A9$; 2, phosgene(triphosgene/TEA); 3, triphosgene; 4, CH3COCl; 5,
(cocl)2; 6,POC13; 7, SOC12; 8, p-TsCl; 9, HCl; 10, TFA; 11, DCP; 12, DCNPell =¥ ZH$=ZH 2,
phosgene(triphosgene/TEA) ol Al A1 Bl & Pnk-So] v} EAEY zo|7t BHes & 4 St}
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[0155] ool A gk E oul 5 A
S HoluA e W9 ol o8 7x X3
Ao A& 77 Al Al glojA e Aot
=9
=91

Probes based on PeT or ICT

PeTor ICT PeTorICT
IIONI' l'OFFI'
H
¥ _NH, oL N:
2 NH N

Fluorophore

Fluorescence

Fluorescence
IIONII

lloFFll

1-oxime

Fluorescence
IIOFFII
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el 7144 A}
= 71 Rolold %

Probe based on FRET

FRET "OFF"
Donor NH
Fluorophore \~""" 2

H,N

oA

Fluorophore ~" \n/ orophc
(0]
FRET "ON"
N

1-nitrile
Fluorescence
IION"
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EH3a
12, Toluene
—— Ethyl acetate
0 0.9 ——THF
Q| —CHgl,
@ —— Acetone
20.6{—CHCN
8 —DMF
2
< 0.3
00— N\ .
400 450 500 550 600
Wavelength / nm
ET3b
o A Toluene
— Ethyl acetate
09.—THF
o |—cHel
ﬁ —— Acetone
g 0.6—CH.CN
0 —DMF
o
< 0.3
010 | : _-_-!.Ir T T l\“- I 1
400 450 500 550 600 650
Wavelength / nm
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A0 ——Toluene

'E —— Ethyl acetate
2 —THF

=0.6

£ —CHgl,

§ —— Acetone

i 0.4

Q

| =

Q

E 0.2

c il 1
= . _ A
E0.0| T T T T T T 2 - ! A B

500 525 550 575 600 625 650
Wavelength / nm

; o — Toluene
e —— Ethyl acetate
24500 —THF

£ —CHI,

'E —— Acetone
=1000-

Fluorescence
n
(=]
[ =]

750

700
Wavelength / nm

600 650
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Er
(a) (b)
0 =1000
< 539 nm
9 E. —_— TT K
@ 7501 —— 298K
c
3
' £ 500-
3 3 :
> 2 2
~ | - J 3 250-
[
LUMO (-0.10818) LUMO (-0.12844) &
po E 0 x,20 : '
: 500 550 600 650 700 750
. & {’ , R ?(c) Wavelength / nm
=5000
© 554 nm f1yceror (VOI %)
’ 24000 0%
. 3 @ ——10%
+) (- 2 £3000- 25%
£ —50%
HOMO (-0.21318) HOMO (-0.22552) §2000_ —T75%
9,
1-oxime 1-nitrile 3 90%
- $1000 - —99%
Boradiazaindacene / g
C=N Angle: 65° 2 .
* 500 550 600 650 700 750 800
Wavelength / nm
ZE5
a b
@, (b)
508 nm
0.8-
)
2
g 0.6-
e [Triphosgene]
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