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In order to elucidate a detection mechanism of photo-induced electron transfer (PET)-type fluorescent sensor for water,
we have designed and developed anthracene-(aminomethyl)-4-cyanophenylboronic acid (AminoMeCNPhenylB(OH),) TF-2
by the deprotection of pinacol ester (Pin) of anthracene-AminoMeCNPhenylBPin OF-2. For OF-2 the PET takes place
from the nitrogen atom of the Amino moiety to the photoexcited fluorophore (anthracene) skeleton in the absence of water,
leading to fluorescence quenching (PET active state). When water was added to OF-2 solution, a drastic enhancement of
the fluorescence emission is observed due to the formation of the PET inactive (florescent) species OF-2W or OF-2WH
by interaction with water molecules which has been determined by 'H NMR spectral measurements. On the other hand,
even in the absence of water TF-2 exhibits intense fluorescence emission and the addition of water to TF-2 solution shows
a negligible change in the fluorescence intensity. The '"H NMR spectrum of TF-2 solution without the addition of water
clearly indicated the formation of PET inactive (florescent) species TF-2H by the intramolecular OH:--N hydrogen bonding
between the hydroxyl group of B(OH), moiety and the nitrogen atom of the Amino moiety. For TF-2 the single-crystal
X-ray structural analysis as well as density functional theory (DFT) calculations revealed the existence of the intramolecular
OH:--N hydrogen bonding, that is, the formation of TF-2H. Interestingly, the 'H NMR spectra of TF-2 solution with the
addition of water showed the existence of the PET inactive (florescent) species TF-2W or TF-2WH by interaction with
water molecules, as with the cases of OF-2. Consequently, it was found that for the PET-type fluorescent sensor based on
anthracene-AminoMeCNPhenyIBPin structure, the BPin moiety is essential not only to active the PET in the absence of
water, leading to fluorescence quenching, but also to form the PET inactive (florescent) species upon the addition of water.
This work provides a direction in molecular design toward creating an effective PET-type fluorescent sensor for water as

well as a conclusive detection mechanism of anthracene-AminoMeCNPhenylBPin structure for water.
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Fig. 1 Mechanisms of PET-type fluorescent sensors for
detection of cations: (a) PET active state (non
fluorescence) and (b) PET inactive state (fluorescence).

PR INEBIPBHTLIENTET, TOREEL
Ty OB EOEFO R RN & 6T 2 B E#00
5% R (PET ANIEMEIRRE) o

INFETICFHA L BEPOMEKRS R - 2Rt
PO HALTE 2 PET RO K =L LT, 7>

FIEYATIIAFN) 4= T TN RV BEFa—
VT A5 )V(Anthracene- AminoMeCNPhenylBPin) 1 & @
OF-2 % 43 1%t - 4 L. PET I MEIRGE (HE561) o
OF-2 75/K51- L Hefih§ % & & CPET ANG LIRS (H6M)
DOF-2WH 5V IZO0F-2WHZ KT 5 Z & 2B 5002
L7z (Fig. 2a). T 72b b, MELHO OF-2 B HICKE
W 5 & HEHEMED OF-2W 5 % W IZ OF-2WH BB~ &
AL, ZOHBBAT ST & TEEEIED OF-2 IR
BB v F Y TRER R T 2512, OF-20
KM RA (DL) 1% 0.008 wt% &K < . WAL O
H—N+ 74y x—#ODLMEICIEHKLTEY., OF-2
ZEOGEITR S A T A THED W Bk e H EOBE K &
YH—L LTHRET 2 L 2YEL 220, 2 2 TAMIS
T 1%, Anthracene-AminoMeCNPhenylBPin ## & % A -

(a) 7}4

o)

Aex O’B/\©\ Aex
N

i‘ )€ CN H,0 i‘

LD =

-
-H,0 y
OF-2 OF-2w
Non fluorescence
(PET active)
®) o o

I — K ~N oN

N
lizel'c“
g =
LARERS

TF-2 TF-2H
Non fluorescence Fluorescence
(PET active) (PET inactive)

e

e

L B
CN i‘ N CN

LPETRI K VY —D sy v v A D= X 0%
SR L. 45 2o w Ttk v 4 —
MEZARST LI EZHNE LT, OF-20FR 1 Y iRT X
7V (BPin) # A1 V% (B (OH,)) 2% L 72 Anthracene-
AminoMeCNPhenylB (OH,) #:#® TF-2 (Fig. 2b) % %1
al - AL, KGRI pE0 v Y v IR IR L

o 7)

2. 5 &
2.1. TF-208&H
OF-2(0.100g, 0.216 mmol) ®L. % » — v (12mL) /7 (4
mL) {2 =i T 4 HRBEITISBOE L7z BUSRAY 2 I8
# LT, TF-2(0.055g. I 67%) Z HEFE KL LTH
2o TF-2 OIS, FT-IR, 'HE C NMR #lEs L O
HRMS 7547 % SRR L 720

2.2. TF-2 DEZERER

TF-2 O HifE G, 25% (v/v) 72 b= M)V kKRA
IR S 72 OF -2 i % SR TR IS I g 5
HILTEFI— VI AT VORMR#EL T, o7 o
v IR E LTIRD 2 LN TE,

3. & R

3. 1. TF-2 QOEfESR X RS &R

TF-2 O A% XA E AT 22 5. TF-2 Ok 7 #% (B)
5 &g # (N) MoK F IS 3.204ATHY ., &
MIZHEFOB-NEGRES YD 1.57-291A X ) F L E
WZ ENSHTF-2 TEB-NHEAOEBRIIR S kv, —
7. B(OH), ®/KkEe (OH) # & 7 3 / ¥ D B FEIF /T
TN OH~NK#E#A (0(2)H (2)-N(1) M =169°, 0(2)

OH 724‘?
A o o~

Aem or Aem

RS RN

OF-2WH
Fluorescence
(PET inactive)

HQ oH HQ

Aex HO/B Aex O Ho-B
—n* H Hey
H CN CN

E— Aem Aem

- or
H,0 ,

TF-2W TF-2WH
Fluorescence
(PET inactive)

Fig. 2 Mechanisms of (a) PET-type fluorescent sensor OF-2 and (b) TF-2 for detection of water

in organic solvents.
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(a) Crystal structure of TF-2 and optimized geometries of (b) TF-2 and (c) OF-2 derived

from DFT calculations at the B3LYP/6-31G (d, p) level.
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Fig. 4 Crystal packing and hydrogen bonding
patterns of TF-2.
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Fig. 5 (a) Photoabsorption and (b) fluorescence spectra (A*=366nm) of OF-2 (2.0 X 10°M) in
acetonitrile containing water (0.034-10wt%). (c) Photoabsorption and (d) fluorescence spectra
(A*=366nm) of TF-2 (2.0 X 10°M) in acetonitrile containing water (0.032-10wt%). Fluorescence
peak intensity at around 415-420nm of OF-2 and TF-2 (A®=366nm) as a function of water content
below (e) 10wt% and (f) 1.0wt% in acetonitrile.
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(a) Photoabsorption and (b) fluorescence spectra (A*=366nm) of TF-2 (2.0 X 10°M) in THF

containing water (0.022-11wt%). Fluorescence peak intensity at around 415-420nm of OF-2 and TF-2
(A*=366nm) as a function of water content below (c) 11wt% and (d) 1.0wt% in THF.
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(a) Photoabsorption and (b) fluorescence spectra (A*=366nm) of TF-2 (2.0 X 10°M) in

ethanol containing water (0.045-10wt%). Fluorescence peak intensity at around 415-420nm of OF-2
and TF-2 (A*=366nm) as a function of water content below (c) 10wt% and (d) 1.0wt% in ethanol.
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Fig. 8 (a) Photoabsorption and (b) fluorescence spectra (A*=366nm) of TF-2 (2.0 X 10°M) in a
mixture of acetonitrile and ethanol (0-100wt% for ethanol content) ; the inset in (b) shows the
fluorescence peak intensity at around 415nm of TF-2 (A*=366nm) as a function of ethanol content

in a mixture of acetonitrile and ethanol.
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TKERIMLZWVT £ b=tV b -d,(FKRE0.013wt%)
PTOTF-20'HNMRAXRZ P VIZBWT, 72
¥oH, 7V bV BHOH,BLUXAFL VY OH O Y
FFIVORES Y 7 Ve T VT v EKOH B L UH,
DY T FINVOEREY 7 MBIl S 17z (Fig 10a).  FF#ic,
AFLYOH DY FVOHE KR Y 7 M id. B(OH),
D OH % & BHREF I THF N OH-NKFEREEZ T LT
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Fig. 10 'H NMR spectra of TF-2 (2.0 X 102M) in (a) acetonitrile-d; with

0.013wt%, 0.036wt% and 1.6wt% water content,

(b) THF-dg with

0.008wt%, 0.029wt% and 0.99wt% water content, and (c) ethanol-dg with
0.272wt%, 0.387wt% and 1.1wt% water content.
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WALFH TF-2HP AL TWA I E 2R LTV 5DH, &

DT ki, TF-2 O &S X SR 225 bRl s
Tw5b (Fig. 3a)o BOH),»7a b o ¥ 7+ Vi, K%z

B"MLZzWw7T 2 b= MYV -d; HTHOTF-20 'H NMR
ANRZ MVTRBIEIN o7z, ZOMRIE, BB X
R S AT 2 & O B(OH), & BE#Z 51 CN JE [ < 41 1

OH-NAKFE#GZH L TV b HELZEET 5 L (Fig 4).
FN OH-NAZRA7Z1TT%L, TF-2»B(OH), £ 7

b= MU VEROCN M TO5 T OH-N KEHEA D

EIHIRH L TWwb L2 5N b,

PRZE VL Z 212, BRED0.036wWt% DT b= kUL
-d; W THOTF-2®'H NMR AXRZ b LIZBWT, K%
WML e wIGa IR U<, IRDIE SR & 957 s o
HTHBLDOPOBEIMO Y 7 F Uil S, TF-2H 721
T {MUOALFREDEEDTRIE E Nz, S5, BHED
1.6wt% D7t r=+ 1) V-d, HTHOTF-2® 'H NMR X
N7 PVTIE, KERMLZ2WEEERBELT, 7Y T
L UEKOH,, ATFNVEXFLYOHBLIUFH DY 7 F
VEEMESE Y 7 PRl 7= VEOH EHBLOT
YT RVEMOHOY 7SIV Y 7 ER LT
ERIZ, KERMLZT7E2 b= ) V-d, B CTOTF-2®
'"H NMR A7 hVid, KRZHRMLZT7E M= YV -d,
HTHOOF-20'HNMRANXZ ML EFERIZE LSBT
0. COFERIIKS T L OMEMERIC L 2 PET A
TF-2W Z 7213 TF-2WH O & 7”1 L T\ % (Fig. 2b),

— . BTy ~X&iE, TH-2»BOH),» 7 a b~
DY TFNH, KERML TV AR WTHF-d (& K&
0.008wt%) H1 > TF-2 ®» '"H NMR AX% b VIiZBWTHE

HO

0.013 wt% water content

Mm A_JCL o Jbi JUL.

1 k 1 k' 1 K" .
a=y a'—p’ a'—y
o © g e o CTHY Y CN o C b CN
O L0 0
9 g g"
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#qEANZ L THAH (Fig. 10b)e iz, 7 F=F VUV
-d; WO TF-2 034 L1387 Y, B(OH), & THF %1
EOMEBEAEHPHEIE LTV RV EIGERLTWAEEZD
b, —Ji, Yatsimirsky 5%, DMSO-d 7% & oo fi M 75 i
HIZBWThH, W OH-NKFE#E & %% L 72 BOH), ®
T b IRT LY T FURBIIIENTEY., TokEL
LCPETOWHZFIERIFILZHMELTWDE Y, &
DFEHEIZ, KO THF-ds F 12 B TE TF-2H A E 1E
LTWwWbZEaRRIBELTWS, T =M V-d,HHTD
TF-2 O¥4 L ABEIC, TF-2 O THF-d, @2 K &2 35
T5E BUIBRBIXOHEFRTO O FF VDY T b
EBOH), 70 Oy 7 FVOHEEPBH SIS N, 20
FERIE, TF-2W 213 TF-2WHER L7222 R L
TwWhs

KEFRMLTWARWIY ) — )b -d, (K 0.272 wt%)
HTHTF-2»'HNMR AXRZ MV Tld, KEHRML %
W7 M= M) N -d, W TOTF-2 085 kB LT, 7
ToWVIOH EAFLYOH DY 7 FNVEE#SY 7 b
R, 7Y MR VEKOH, L H,O Y 7 F VIR
7 &R L7 (Fig 10c)s ZOfERIE, =% /=i T
DOHML TF-207 3 /M OERIE T T 511
OH~N K FE#EEI2 & % PET R i HH TF-2EtOH O 1 ik
ZRBELTWS, —F, BOD),»7a b oY 7 Fivig,
KEFRMLZWLZ Y ) —)V-d, D TF-2 @ "H NMR A~
7 MVANRY PVTRBIZ SN D572 Zhid, TF-2
D B(OH), & =% 7 — V5T [ T4 T [ BOH-0 K
HWEORKICED2bDLEZOND, —F, HKENL.1
Wt% DLy ) —)V-dg D TF-2»'H NMR A X% b
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a

CF,COOH
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'H NMR spectra of TF-2 (2.0 X 10M) in acetonitrile-d, with

Fig. 11

0.013wt% water content, CF;COOH (2.0 M), and N(C,Ds); (2.0M).
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DALY 7 PRAKZRML WAL DT IR L5
TBY. ZOMELLKGTLOMEMERICL % PETA
G TF-2W £ 7213 TF-2WHORIEARB S b,
iRV L, 7R MY V-dy &% ) —-dgD
50/50wt% RGBT O TF-2 ® '"H NMR A X7 b IVid,
KEBMLTWRWL Y ) —)V-d, DB EPTEBY, &
D riF, TF-207t M= MY VERICZY /) —VER
s % &, 55 FHNOH-NKHEHGH S 55FH OH~NKH
AN DZEA, $T4b b TF-2H% 5 TF-2EtOH ~ D%
EAFIERIENLZEERL TV DS,

—J. TF-2® 7 % + = b))V -d; #E#12 CF,COOH
ZWRMTAE, '"HNMRARYZ P VDO$TRTHOTA b >
DY TFIVHPEBES Y 7 b Lz ThiE. 73 AL
7u b ALE N PET NG TF-2P ORISR L
Tw5 (Fig. 11)s — 7} TF-20 7 F =+ Y )V -d, &
AN (CoDe) s ZRM L 72854 '"HNMRAXRZ LD
FTRTCOTAR DY T FUNEHESGEY 7 b Lz 2D
L, TF-2 %I N(C,Dy) s D & 9 R332 R
5L, TF-2®BOH), 7 3 /oL EFHTo
55 F W OH-N K FE & & 23 L. PET G 1% TF-2 2%
L TWwWDZ EZREL TS (Fig 2b)s FEBRIZ, K,
CF,;COOH % 7213 N (C,D;); DuMAi#£ 0 TF-2 i o 'H
NMR A7 b Vo4bE#y 7 ik, K. CF,COOH % 721
N(CyD5); DM D TF-2 OG5 es M & & —%%
LTwb, INHOEBRKERIE, HAKENET TIEZPETA
WA TF-2H, KFEE T CEPET AWM TF-2W
721X TF-2WH, B4 T Tl PET A IS A TF-2P,
B X OH ST TR PET M TF-2 232 h 2
BENTWDEZEEM{/RLTWA, EEEIZ, TF-2HD
HOBHRIE X, TF-2W £ 7213 TF-2WH O HOERE £ 1313
FAEETH 5, TF-2EtOH & 1) i<, —) TTF-2P
LIPS, IS0, B(OH), K. 7
Va—h, BIO7a b 54 THLETL VAT Y FER
(CF;COO0H % &) &7 3 7 AL T OMEAEH OFLEEIZIE
U Cy PET AIGEEERE I BT PET O HIHI O FEEE 12 E W
BHbHIEHRELTWD,

EHI2 KT EOMEMEHIC L 5 PET ANEM 251
W OH~N K FE R AR S TF-2H, M4 F > Bk TF-2W
B X OKRER G TF-2WHOIBE Z X5 72012, K
REI#O7 X F= )V -d, 3 X O THF-d, "1 @ TF-2
D "B NMR A7 MVIIEZ AT 5 720 KERML TV
W7t b= MY V-dy B XU THF-dy (GEKREVENLEN
0.013wt% 3 X 0% 0.008wt%) 1 TF-2 ®» "B NMR Z
7 VTR, 220 "BY ZF B E Rz 0 15ppm 4
EOUBYZ NG, AEREEZERLTW2BOH), 2 A
F BALEHE TF-2H % 7213 B-N FLA7 L 72 DU i A 1 i i A
WIRIBWRETH A% 'H NMR A7 VB X OV X

ARG OFER L —FH L T, —J7, 30ppm it
DUBY 7 FNIL, RO = PR ERICRET 5
CENWTED, EBIZ, TP MY V-d, FDOTF-2 D
"B NMRAXZ bV AXZ MV TIE, 15ppm Ao 'B
Y7 F VIR 30ppmATIED BT F IV & ) b iRAS, i
HIARGEHROBIAE NG R oTze —TH KETRM
L727t b= bYV-d, B X OTHF-d; (# 1.0wt% O &
HiE)HPDOTF-20 "B NMR A% kJVid, # 30ppm i
M—D "By ZFVERLE, €512, CF;COOHDH %\
1IN (C,Dy); ZIRM L2543, 9 30ppm iI2HE—D "B ¥
TFVEIR L2 ZOREFRIZ'H NMRA X% b IVIllE (Fig.
1D 55 bR E N2 L IS, REO =I5 A& w7 7
WCHHKTATF-2P & TF-2 3 FELTWwWAZ L 2/RLT
Wb, L7eWo Ty KEeRMLEEHIcBvnTid, MUk
A4 F VHEETF-2W & LT TIE %<, KEHGHETF-
2WHE LTHEL TS D EEZ b b, TF-2WH
T2 TF-2WORK, B X OEARSELET TOTF-2HD
TFHEEWRT DI E 5L W8N ETH LM, K
WF 78 K S 2> 5 Anthracene-AminoMeCNPhenyIBPin ## i
DOPET A6+ % —12 8w T, BPinld. KOARTE
TTPET Z G L L THEOGTHLZ I &SR I T21F TR L,
KROBINMZAENPET ANEE (HO650) R E2 KT 5 7290
WCLERT RGN TH D EFHS N E o572,

4. &

KR TIE, TV ro5y-(TI ) AFN)-4-V7
)7z VA ryEY¥Fa—ix Z5 ) (Anthracene-
AminoMeCNPhenylBPin) #i& 2 A3 52 tFRE T B
B (PET) B K ¥ v — OF-2 D K45 M x 5 =
ALZHWT L7202, OF-20Fa YT X5V
(BPin) & A o » # (B(OH),) (2% # L 72 Anthracene-
AminoMeCNPhenylB (OH,) i TF-2 % 4 1-i%5t - &
B Ly KRR a0 v v v FE R R L2, K
B L WA, OF-2 B o st utix. 73 7
W OEZRETF ORI NLET ¥ NI gD
PETIZE D EF LI TWD, — T TF-2EH
i3, B(OH), /KM (OH) 2:& 7 3 VMO BHEE T L D
B D45 OH-NAKERAIC X 5 PET AWM (H06388)
RERERKLTBY., Witttz R L7z, OF-2%
WIZKZMA S & KRS+ EDMEAEMIC X 5 PET A%
P (HEOBTO0) K2 T 5 2 & T SO0 FE L v
BMAPEBEENL, —F, TF-2E# T, KOBEMI
L HENBEOLLIXITEA LR SN LD o725 Ko
T OMEAEHIC X 5 PET AT (H658) KAk
ENTVWBEZ ERbho7e L7z > T, Anthracene-
AminoMeCNPhenylBPin 1 3% % A 3 % PET # 4t 4 &
YH—IZBWT, BPinld, KORLETF T PET %Gt b
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L CHOBHEZ T &R I 3720 Th <. KROFIMIZEW

PET AN (#O6EO0) K2 W § % 72D IS BT R 7%

W THLIEDPHSLNE R o720 2O L) ITHRFFE T,
Anthracene-AminoMeCNPhenylBPin 1 & @ 7K 45 ¥t Hi 2

H = AL ERIERES 5 2 LT, B IEE R PET BB

Kty —DOMED D DOEH Tk 2 Rt T 2

T ENTE,

5. # #&

R FEFE TR S N2 mREIcE oW T, PET A4 a ik
Kt v =BT & ¥ (TiOy) WA DH B WIERY v —
RS 727 4 Vv A OB L O EREmA~EEL L,
KR T BB EMET 22 LT #amhR R
HIET HRDZEYRA Y P THRIEBLUHIRTEMH T
&R B OBIE A KD 72w, B 2 IZHEOGHEAKE v
P — 2 WG S 272 TiO, o -2 /E 3 % 2 & AT & g,
TiO, Z &t bk (77 v F—3va v, HEETIEDZ Y —
AB LUy 772 L) OBEEBFLIZ BT 5 K5O 5 HEARN
BUVTNIALTEZY) V7 TELMNIESR, Bk
2B B KRG DF IR IANE - 72 D)LY (FBLT)
BT AR TE R & AL B X ORI OKG & ¥
YRA VMR - TEYET Ao rE R Rt c & 2 b @
LEZTnh,
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