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Abstract: Bioorthogonal fluorogenic probes are becoming an ideal tool for live-cell fluorescence imaging.
With the tetrazine bioorthogonal fluorogenic probe that displays fluorescence enhancement, the tetrazine plays
the dual-role of a bioorthogonal reaction unit and the fluorescence quenching unit. The "off" and "on" states of the
fluorescence probe are mainly controlled through inverse electron demand Diels-Alder (IEDDA) bioorthogonal
reaction. We designed a series of turn-on tetrazine fluorescent probes with Donor-z-Acceptor (D-z-A) structure to
achieve a high signal-to-noise ratio and specificity of fluorescence imaging. This series of probes reacted with the
dienophile bicyclononyne, and then generated pyridazine structure in-situ that acted as an electron acceptor, resulting
in a new D-z-A effect of fluorescent dyes, turning on the intramolecular charge transfer (ICT) effect. By adjusting
the electron-donating groups and the degree of conjugation, tunable fluorescence spectra between 400-647 nm
with fluorescence turn-on enhanced up to 500-fold have been achieved. This research lays the foundation for the
further optimization of tetrazine bioorthogonal fluorescent probes and their applications in molecular imaging and
biomedical fields.
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Figure 1 Previous works for tetrazine bioorthogonal fluorogenic probes and this work for fluorophores in situ formation by tetrazine bioor-
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Figure 2 Chemical structures of tetrazine bioorthogonal probes in this study (1-11) and their photophysical properties. All results were

obtained after complete reaction between probes and BCN in EtOH. P1_, Excitation wavelength; A, Emission wavelength. ™Increase in

fluorescence. !Quantum yield for the pyrazine fluorophore products
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Figure 3 (A) Characterization of the reaction between probe 1 and BCN; HPLC traces of bioorthogonal product (blue) and probe 1 (red) at
A =320 nm after 3 h at r.t. in EtOH. (B) Characterization of the reaction between probe 10 and BCN. HPLC traces of bioorthogonal product

(blue) and probe 10 (red) at 2 = 440 nm after 3 h at r.t. in EtOH
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Figure 4 Photophysical properties of representative probes. The absorption spectra of 10 umol-L* probe (black) and probe + BCN (red) in
EtOH: probe 1 (A), probe 4 (B), and probe 5 (C). The fluorescence emission spectra of 4 umol-L* probe (black) and probe + BCN (red) in

EtOH: probe 1 (D), probe 4 (E), and probe 5 (F)
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Figure 5 Photophysical properties of representative probes. The absorption spectra of 10 umol-L* probe (black) and probe + BCN (red) in
EtOH: probe 8 (A), probe 10 (B), and probe 11 (C). The Fluorescence emission spectra of 4 umol-L™ probe (black) and probe + BCN (red)

in EtOH: probe 8 (D), probe 10 (E), and probe 11 (F)
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Figure 6 In vitro labelling of bovine serum albumin (BSA) via BCN - tetrazine biorthogonal reaction. A: Coomassie blue-stained gel of

BSA modified through IEDDA reaction between conjugate BCN-NHS and the probe 11 (20 pmol-L?); B: Fluorescent image of the same gel

before coomassie blue staining; C: Fluorescence of reactions between BSA-BCN and probe 11, and control reactions contained BSA with

only the probe 11 (20 umol-L?)
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12 mL.t-BuOK (1.488 mL, 1.488 mmol), 0 °CiiE itk &
) 4c126381 (1,488 mmol, 348.6 mg), i+ 20 min J& 2 B
SRR, T 0 °Clig ik 4 4 4b (200 mg, 1.24 mmol) 1]
VUE R MG 5 mL, W 525, 0 °CIRM. 2.5 he R 45
WG, e R ER, M B (PECEA=20:1) 15
S 146.74 mg, 1= 2 50%.
1.1.3 1j EGARYT, TR AT KL E K
I 20 mL A1k &4 4d (603.375 mg, 2.5 mmol), FHiZ i
A 2.3 mol-L* n-BuLi [ &k (1.5 mL, 3.7 mmol).
~78 °CHit#E 1 h &, i /K N,N-— H1 3 H Bt % (DMF)
(0.23 mL, 3.0 mmol), KM HHEL he VARG, Tt
2 E R, KR KR NE, e 75 25 bk DY Sk g , R 406 S B
W, S H % (DCM, 30 mLx3) 2 H, A HLZ A&
JKPE (20 mLx1), JE/KBRBR AN T4 . A (il 4> 25 (PE:
DCM = 1:3) 33774 129.41 mg, I3 19.21%.
1.2 #R$t1~3.5.6.8. 10 IA K

HWE & B 7 1 Ar @SR, 78 [/ o
N Y s i 1 T 221 (1.2 eq) % (1 eq)<0.5 mol-L 175 i
S 9 AR ((CF,),CHOLI) (1.1 eq) AT J5 7K DY & Wk I 7%
M. —20 °CHi+k 3 h, # )2 @k vk (TLC) MM IR = v
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FEARE A, RN EEH G K (20 mL) F B &N,
LR TR REBLUH IR (20 mL). WA WA, WA &2
IKBE— X (20 mL), TR BRBR BN T4, HhdE, W45, &
IS5, 152074 .

121 #$t1 KR 95%, HE-20°C, FfA13 h. *HNMR
(400 MHz, CDCL,) 6 8.46 (d, J = 16.2 Hz, 1H), 8.05 (d,
J=1.6 Hz, 1H), 7.94~7.82 (m, 4H), 7.61~7.50 (m, 3H),
3.06 (s, 3H); *C NMR (101 MHz, CDCIl,) 6 166.26,
164.83, 141.01, 134.20, 133.39, 132.62, 129.96, 128.85,
128.62, 127.83, 127.29, 126.79, 123.43, 120.72, 21.20;
ESI-HR-MS (m/z): 271.101 4 [M+Na]*

122 REF2  UCE59%, %5 °C, IfE] 12 h. *H NMR
(400 MHz, CDCL,) & 8.00 (dd, J = 15.4, 11.4 Hz, 1H),
7.47 (d, J = 1.7 Hz, 1H), 7.06~6.94 (m, 2H), 6.76 (d, J =
15.4 Hz, 1H), 6.52~6.45 (m, 2H), 3.02 (s, 3H); *C NMR
(101 MHz, CDCL,) ¢ 165.78, 164.86, 152.35, 143.76,
140.71, 126.58, 125.70, 123.72, 112.25, 111.98, 77.22,
21.14; ESI-HR-MS (m/z): 215.110 0 [M+H]*.

1.2.3 IREF3  UE58%, E-20 °C, Fffa] 1 h. *H NMR
(400 MHz, CDCI,) ¢ 8.51 (d, J = 16.1 Hz, 1H), 8.16~
8.09 (m, 1H), 7.95 (dd, J = 8.3, 1.3 Hz, 1H), 7.88 (d, J =
16.1 Hz, 1H), 7.55 (ddd, J = 8.2, 7.2, 1.3 Hz, 1H), 7.47
(ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 3.11 (s, 3H); 3C NMR
(101 MHz, CDCL,) ¢ 166.90, 154.01, 135.31, 133.09,
128.43, 126.89, 126.54, 124.04, 121.81, 21.36; ESI-HR-
MS (m/z): 256.065 8 [M+H]*.

124 #R§5 WLFE 11.74%, iR FF-20 °C, W} 1d] 6 h.
'H NMR (400 MHz, CDCl) 6 8.38 (d, J = 15.8 Hz, 1H),
7.29 (d, J = 4.9 Hz, 1H), 7.25 (s, 1H), 7.14 (d, J = 15.8 Hz,
1H), 7.02 (d, J = 4.9 Hz, 1H), 3.02 (s, 3H), 1.49 (s, 6H);
13C NMR (101 MHz, CDCl,) 6 165.51, 164.99, 162.51,
161.20, 141.01, 134.93, 134.45, 127.66, 124.68, 120.99,
116.48, 77.22, 45.21, 25.05, 21.12; ESI-HR-MS (m/z):
327.073 5 [M+Na]*.

1.2.5 1REt6 U 81%, #HE-20°C, ifA] 2 h, 'HNMR
(400 MHz, CDCL,) 6 8.47 (d, J = 16.1 Hz, 1H), 7.99 (d,
J =9.0 Hz, 1H), 7.76 (d, J = 16.1 Hz, 1H), 7.36 (d, J =
2.6 Hz, 1H), 7.14 (dd, J = 9.0, 2.6 Hz, 1H), 3.92 (s, 3H),
3.09 (s, 3H); *C NMR (101 MHz, CDCl,) 6 166.74,
164.19, 161.51, 158.88, 148.65, 136.98, 133.25, 127.22,
124.64, 116.74, 103.83, 77.22, 55.86, 21.32; ESI-HR-
MS (m/z): 286.076 4 [M+H]*.

1.2.6 IREF8 U 12%, #HE-20°C, KA 6 h, 'H NMR
(400 MHz, CDCL,) 6 8.37 (d, J = 16.2 Hz, 1H), 7.69 (s,
1H), 7.65~7.55 (m, 3H), 7.44 (d, J = 16.2 Hz, 1H), 6.51~

6.39 (m, 2H), 3.98 (t, J = 7.2 Hz, 4H), 3.04 (s, 3H), 2.42
(p, J = 7.2 Hz, 2H), 1.58 (s, 5H), 1.50 (s, 6H); )C NMR
(101 MHz, CDCl,) 6 165.87, 165.11, 156.10, 153.44,
152.52, 141.77, 132.17, 128.19, 127.82, 121.54, 121.27,
118.87,118.30, 110.29, 105.01, 77.22, 52.43, 46.66, 27.39,
21.15, 16.88; ESI-HR-MS (m/z): 370.203 1 [M+H]*.
1.2.7 1REH10 Y% 32%, iR 20 °C, i} [E] 15 h.
'H NMR (400 MHz, CDCL,) 6 8.38 (d, J = 15.8 Hz, 1H),
7.63~7.55 (m, 4H), 7.33 (s, 2H), 7.21 (d, J = 15.8 Hz,
1H), 6.49 (d, J = 1.7 Hz, 1H), 6.43 (dd, J = 8.1, 1.9 Hz,
1H), 3.97 (t, J = 7.2 Hz, 4H), 3.03 (s, 3H), 2.47~2.36 (m,
2H), 1.51 (s, 6H); 3C NMR (101 MHz, CDCl,) 6 165.79,
164.93, 155.67, 153.61, 152.32, 148.98, 140.73, 138.95,
133.70, 132.50, 130.55, 128.02, 125.18, 123.36, 120.91,
119.93, 118.99, 118.42, 110.28, 105.13, 52.50, 46.79,
27.44,21.15, 16.91; ESI-HR-MS (m/z): 452.190 6 [M+H]*.
1.3 5§47 11R9A K

HWE Jx 8 772 B: @l SR T, 7 B e i+
N VU TR i R i 2a B 2bBY (1.3 eq) B (1 eq)-2 mol-L*
TSRS (LDA) (1.5 eq) AT 7K VU SRR VA -
—20 °CHES FHEFE3 h, TLC Wil SR N A E 4. *
LEE G I IK (20 mL) BB [ LW, 02 £ TR ZE L
(20 mLx2). WEAHLH, WS EEKYE (20 mLx1), FL
IR BT, U, W4, Kl 7 B 15 2 &5 724 .
1.3.1 1R§t4 WK 30%, #HE-20°C, iFAI3 h. 'HNMR
(400 MHz, CDCI,) ¢ 8.35 (d, J = 15.8 Hz, 1H), 7.29
(ddd, J = 8.2, 4.5, 1.9 Hz, 3H), 7.19 (d, J = 9.2 Hz, 1H),
7.16 (d, J = 2.8 Hz, 1H), 7.06 (dd, J = 5.1, 3.6 Hz, 1H),
5.05 (s, 1H), 3.75 (q, J = 6.2 Hz, 2H), 3.50 (t, J = 6.2 Hz,
2H), 1.40 (s, 10H), 1.25 (s, 1H); 3C NMR (101 MHz,
CDCl,) § 165.04, 140.76, 139.19, 133.59, 132.23, 128.16,
125.76, 124.90, 124.54, 118.92, 79.58, 77.23, 38.37,
35.47, 28.35; ESI-HR-MS (m/z): 438.104 0 [M+Na]*.
1.3.2 IR$H7 UE54%, iEE-20°C, a1 3h. 'H NMR
(400 MHz, CDCl,) §8.41 (d, J = 16.2 Hz, 1H), 7.90 (s, 1H),
7.76 (d, J = 9.0 Hz, 2H), 7.68 (d, J = 8.7 Hz, 1H), 7.45 (d,
J=16.2 Hz, 1H), 7.18 (d, J = 9.5 Hz, 1H), 6.94 (s, 1H),
3.11 (s, 6H), 3.04 (s, 3H); 3C NMR (101 MHz, CDCL,) 6
165.82, 165.18, 152.34, 141.68, 136.14, 130.21, 129.75,
128.76, 126.98, 126.18, 123.95, 118.06, 116.40, 105.98,
40.62, 21.16; ESI-HR-MS (m/z): 292.155 8 [M+H]".
133 #REH 11 W E 73%:; IR F-20 °C, i ja] 1.5 h.
'H NMR (400 MHz, CDCL) 6 8.32 (d, J = 15.8 Hz, 1H),
7.36 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 3.8 Hz, 1H), 7.13
(d, J = 15.8 Hz, 1H), 7.05~6.90 (m, 3H), 6.42 (d, J =
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8.6 Hz, 2H), 3.93 (t, J = 7.2 Hz, 4H), 3.02 (s, 3H), 2.46~
2.32 (m, 2H); 3C NMR (101 MHz, CDCIl,) J 165.68,
164.94, 151.93, 147.69, 138.06, 133.61, 132.36, 131.36,
127.76, 125.82, 125.47, 118.25, 117.12, 111.28, 52.20,
21.14, 16.82; ESI-HR-MS (m/z): 362.143 8 [M+H]".
14 REFIMERK
141 3c FEESRIT, T 50 mL M T, Jo )5
A A4 3a% (201.2 mg, 1.1 mmol). 5- F P 5 g 5 -
2-Jf5 (93.9 mg, 1 mmol). PYEHAR (2 mL). FFiR %0 °C,
G AL T B2 4 KOt-Bu (145.6 mg, 1.3 mmol) 7£ P4 &k
W V25 (4 mL), 0 °C i $¥: < . 1.5 h, TLC (PE:DCM =
1:2) WA S ERE . OB 4 R N K (20 mL) Fisf
KL, N EA (20 mLx3) ZHL. AR A HLAH, FH v Al
FALEN (20 mL) Peidk— Ik, TooK TR FR 4h T 15 JF H Sk
4 GREIRIR 444 55 (PE:DCM = 1:1), W JE K%, 15
FI2L PR Y 45.43 mg, W% 17.89% .
142 RE9 (EGSLRY T, 150 mL B R L H ok
Ja AL A % 3¢ (25.4 mg, 0.1 mmol). 2. /5 (80 pL,
1 mmol). Zn(OTf), (4.6 mg, 0.01 mmol). 1,4- — 4 753
(200 pL), # & ¥ i JE K JHF (150 pL, 3 mmol), 70 °C i
IR N 20 ho 45 TR JE KKV E, 0N A 2 Y
(1.04 g, 1.5 mmol), F- AN 1 mol-L™* &5 82 i %5 pH 15
3~4, TLC (PE:DCM = 1:2) Wil 2 S i F2, 435 /2 B 58
4 J5, NN DCM (20 mLx3) ZEHL . WA HLAH, FH i
FE LS (20 mL) BE¥ — IR, T/AKBRERA TR 5 =
Weli, LR 44k 4> B (PE:DCM = 1:2), ik 5 ¥ 4,
BRI 9.2 mg, Y% 11%. 'H NMR (400 MHz,
CDCL,) 6 8.14 (d, J = 4.0 Hz, 1H), 7.44~7.38 (m, 2H),
7.11 (d, J = 4.0 Hz, 1H), 7.07 (d, J = 3.6 Hz, 2H), 6.74~
6.68 (m, 2H),3.02 (d, J = 3.7 Hz, 9H); 3C NMR (101 MHz,
CDCl,) § 165.94, 162.09, 151.36, 132.19, 132.01, 128.08,
125.93, 124.32, 116.58, 112.26, 40.32, 21.13; ESI-HR-
MS (m/z): 324.128 4 [M+H]*.
2 eEFaenK

BEAT MR SL 5368/, T A&t PTLC 4tk .
VY rgE £R % (200 pmol-L*) 5 BCN (3 mmol-L?, 15 f% 4
) RN, SRAFEWIE AL =R . Kl HPLC-MS 1
I 2B L, B TE) A0 h 2 3 h, e BSOS R T8 BA K R
N7 &8 SR TR) s A P 2 B (K1 3). UV-Vis il &, EtOH B
P PR R0 2 B 29K 0 10 umol- Lt 33 v i (B
4.5). RHHEME, BRBEEERBERLIKRER
4 umol- L (1) EtOH MR« MR BLF=4)-5 DY e R
(YU A A S o R 25 Y 7R A IR S 1) BB TH B2 b 1 i
8 (Bl 4.5). BTN E: &R EERES
R A 4 umol- Lt () EtOH AR 77 7, FF AR 23 Bkl &

Zxt BT, WA 3V, BCFEIE (B2).
3 EHEFRE
3.1 KINEREIR

# BCN-NHS (2 pL, 50 mmol) 5 BSA 1 7K ¥ ¥
(2 uL, 2.5 mmol) 7£ &% # DMF (7.2 uL) ) NaHCO, 2%
MR (28.8 pL, pH 8.3) iR A . fEEU ML h, 48
J&i % Zeba B £5 e 7 A (0.5 mL) B 25 i & ) BCN-
NHS. 3£#3 11 BSA-BCN H Quawell Q6000 + UV-Vis
1E 280 nm A 5 i
32 EHEREMIE

# PLR 3L RE B AE S 40% DMF [ 22 sy b 1
37°CFIEAE 1 h: @ B4l % 11 f1 BSA-BCN [1)
TR (A YRR A 20 umol); @ B M4 4R
£ 11 F1 BSA VR & W (5 2 G4 RHA FE 9 20 pmol);
@ THHNBSAK M. B E 1 h /5, 1£365 nm 5N T
AR (K 6C), BUE 2 £F 5 48 SDS-PAGE Bt i 7 &5 o
{5 F ChemiDoc™MP /814 % 4t (Bio-Rad) X &t i i 1T
IR (B16B), 24 5 FH 25 B i gu o (8 6A).

EE TR BAE T R 2R IR B, Wit Tr
B B EN RS TUEAT IR SRBWE I TUREE
Pt e, REE VBT REW TR A BT
A

B (1 75 W AT T A 2 R
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