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1) General

All reactions, workup and chromatography were performed under protection from light by
wrapping an aluminium foil. The glassware for the reactions was oven dried at 100 °C and
cooled under high vacuum (HV) before use and kept under argon. Absolute solezat
prepared by MBRAUN solvent purification syste@rganic solutions were concentrated under
reduced pressure on a Buichi rotary evaporator (water bathtt8ii) under protection from

light. Thinlayer chromatography was carried out using Mesitka gel 60 F254 aluminium
plates with F254 indicator and separated bands were visualized under UV lighh25320

nm). Column chromatography was performed using Merck silica gel 6604@80nesh) or fine

silica gel (70230 mesh Technical gradeddvents, dichloromethane (CHLl.), ethyl acetate
(EtOACc), hexane, and methanol were distilled before their use in column chromatography.
Chemicals were procured from commercial vendors, Chempur, Acors Organics; Silgmuk
Aldrich and VWR. All chemicals weresed as obtained without further purification.

Spectroscopy (*H- *°F-, and**C-) NMR spectravere recorded on a Varian AV400 or AV600
spectrometeat 298K (in °F: 376, 564,in 13C: 100 or 125 MHY. The solvent residual signal
was used as internal referendd:(CHCls, U(H) 7.26 U(**CHCI3)=77.2 ppm foin CDCls; H:
CHD2SOCD3,ii(H) 2.50Q U(**CDsSOCD)=39.52 ppm). FotF NMR, CFCh was used as
external standard in CDg€hlnd reported data with set refereng€FCls)= 0.0 Data were
reported in the following order: chemical sh
bs (broad singlet), d (doublet), t (triplet), m (multiplet); coupling constdnes€ in Hertz (Hz)
rounded to the nearest 0.1 M¥//Vis spectroscopyPerkinElmer Lambda BD spectrometer

in 10 mm quartz cells, reporteshax in Nm. Fluorescence spectroscofyfomebuilt based on
NKT SuperK and Princeton instruments spectrograph with a Pixis and Ryoitation éexc)
from 4001600 nmand(aem (intensity))emissiondetection upto 1600 nniMass Spectrometry:
ESI Thermo FisheLTQ-Orbitrap XL, positive ion modem/z(rel. intensity %) ol Finnigan
SSQ 7000 mass spectrometer (El or CI).

Fluorescence quantum yield(QY): QY was determined based on a comparative method
against welcharacterized two standards dyes2®R(QY=0.048%) and IRLO61 (QY=0.32%)
in dichloroethane (DCE

Fluorescence QY values were determined based on the gradients from the plot of integrated
fluorescence intensity vs absorbance, lantefractive index of the solvent

O. =D, Grad ‘]\
" N Gradg, \ ng

Steadystate absorbance was measured on a PerkinElmer LAMBDA 950 UV/Vis/NIR
spectrophotometer. Fluorescence spectra were recorded on Princeton Instruments IsoPlane
spectrograph equipped with PyLoN 1700 InGaAs camera in the SWIR range using an 880 nm
beam 6 a Ti:sapphire laser (SpectRhysics, MaiTai). We used 1 cm optical path quartz cells
(Hellma) for all measurements.

'H.Pi woGEs ki, S. MEINmeosciAl5202212,2%8u c h i
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2) NIR-II Imaging with an InGaAs camera based system

Kaer ImagingSystemNIR-II (KIS system manufactured byKaer Labs, Nantes, France)
egippedwith 808 nm and 980 nm lasers, each with a power dens#t9 of m Watrthe focal
plane, wasised For the fluorescence phantom imagitige dyessolutions inDMSO at0.1 mg
/mL (ca 200 uM,n Eppendorf tubesyere exposedo 980 nm, for ICG comparisona808 nm
laser) The fluorescencsignalwaso bt ai ned wi th | ongpass fi
nm and 1400 nm collecting photons upto 1700 nm. Exposure times rangetiofrdm ms
seconds, using a 512 x512 pixels InGaAs camera with 16 bit.dep050-nm bandpass filter
was usedisdefault unless otherwise stated.

2.1) Image processing of the observed NHR emission

Fluor  background Brlght Subtracted Colour

Figure S1: Backgroundsubtraction:From the recorad fluoresencesignal, the background
(signal without excitation) was subtractedthat then could be visualized either in grey or
pseudecolours. For reattime visuation,the pseudeaolour coded signal image is overlaid on
thebright LED light image(reflectionimage). The examplehereis usingcompoundla, with
conc0.1mg/mL,usingExc. 980 nmand1050 nmlongpass filter

Overlay of BrightColour

Realtime imaging processing routine used for t#a obtained with KIS system

- Fluor: the fluorescent image produced with the laser excit®®mm and collection of all
photonsemitted fom 1050 nm until 1700 nm

- Background:lmagecollectedwithout thelaser excitatiorunder identical conditions dke
fluoreencesignal(also withthe same exposure time)

- Bright: white light image (reflection), obtained with infrared LED illumination

- Subtracted: the difference between Fland Backgroundmages (Fluor i Backgroundl

- Colour: Subtracted image with eolour palette(look up tablecodingto highlight signa)

- Overlay: overlay of the colo image on theright image

SWIR images (A = 980 nm, LP 1050) of dye solutions at 0.1 mg/mL, and SBR

1, SBR: 19 2,SBR: 16 3,SBR: 8

Figure S2 Overlay of bright and fluorescence imageshef three dyes (at a conc. 0.1
mg/mL, DMSO) discussed here, with quantified sigioabackgrouneratios (SBR, for
excitation at 980 nm; 1050 LP filter nm; and 1 sec exposure).
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2.2) NIR-II images ofla and ICG under identical conditions

la ICG
Figure S3. The (background subtracte®jIR-11 images of ICGanddye 1a solutiors at conc.
0.1 mg/m. using808 nm laser excitation ad@50LP filter. ThelCG exhibitedabout 6,%etter
signatto- background raticompared tda. (Exposure times 1sec fiia and 100 ms for ICG)

3) Experimental Procedures

3.1) Synthesisof 3,6-bis(dimethylamino)-9H-fluoren-9-one (%)

aq. HCHO
cat. H2804 aq. HCHO O O
g _HCO,H _
HoN

B N Br— =
" NaBH, | 11 reflux, 1d Br Br

rt, 1h 70%
97%

Zn / NaBr
79 % lNlCI PPhs)

(0]
T 0, O-O
-
N N~ DMSO
5a |
99 %
Ar-M

THF
-20 °C, 1h

Ar OH

15% v/iv TFA O“
T ——
* U o

rt, 1h

a) 3-bromo-N,N-dimethylaniline (11)

/N©Br To aqueous formaldehyde (3726 mL, 450mmol), dissolved in fresh THF3(LO

mL) and precooledh ice bath,a solution of HSQs (3 M, 70 mL) was added in
one portion andthe mixture wasstirred for 10 min. To this, 3-bromoaniline (20 g, 116.26
mmol) was added drewise within 10 min, and the reaction mixture was stirred until the
resulting precipitate dissolve8tirring the mixture in 0°oath solid NaBH (17.6 g, 465.24
mmol) was added in small portions over 1h. After ctatign of the additios, the reaction
mixture was allowed to warm to RT, and stirreohtinuedfor additional 1h and he TLC
(EtOAc/ pentane 5:95/v) of reactionindicated full consumptionof starting materialTo this,
saturated solution of NaHG300 mL) was added, and the reaction mixture was extracted
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with CHxCl, (3%x150 mL). The combined organic layers were dried over anhydroaBNa
filtered, and solvents were evaporated. The crude product was filtered through pad of silica gel
(300 g)udgng gradient of EtOAc/ pentanefrom 0:1 t05:95(v/v) to obtain pure compouridl

as clear light yellow 0i{(22.75 g, 11F mmol, 97%.

IH NMR (400 MHz, CDC}) U 7J=6.8 1H),16.88 6.77 (m, 2H), 6.66 6.58 (m, 1H),
2.94 (s, 6H).

NMR data matched those reported in the literature.

b) 4,4'-methylenebis(3bromo-N,N-dimethylaniline) (12) i To the solution of oromoN,N-
| . | dimethylaniline {1, 3.5 g, 17.5mmol) in formic acid (60 mL)at room
- > temperature aqueous formaldehyde (37%, 1.35 nll8.0 mmol) was
f added over 30 min. The reaction mixture wastirred at60°C for 24h.
Then,toluene (60 mL) was added to the flask and the mixture of solvents
was evaporated under reduced pressiihe residualacid was neutralized wittsaturated
solution ofNaHCGQ; andextracted withCH2Cl2 (3x50 mL). The combined orgari&yers were
washed with brine2x50 mL), driedover NaSQy, filtered and solvents were evaporatdthe
resulting red viscous oil washromatographedetOAc / pentanefrom 1:20 to 1:10v/v) to
obtain pure compount as white crystalline solid (2.5 g, 6.06 mmol, 70%)

IHNMR (400 MHz, CDCY) d (i n pJs@& Hz, 261), 6986 (dIE 8.5 Hz, 2H), 6.59
(dd,J = 8.5, 2.7 Hz, 2H), 4.01 (s, 2H), 2.92 (s, 12H).

BCNMR (101MHz,CDG)) 4 (in ppm): 150.0, 130.7, 127.
HRMS (ESI, m/z): [M+H] Calcd. for G7H21Br2N: 411.9973; found, 411.9961.

NMR data matched those reported in the literature.

c) N,N,N,N-tetramethyl-9H-fluorene-3,6-diamine (13) i The title compound was
‘ . synthesizedisng amodified procedurereportec?

/N N\

0.0 To the argompurgedflask, Zn dust (25 mg, 0.38 mmol), NigPPh)2 (40

mg, 0.06 mmol), PP{94 mg, 0.36mmol) and NaBr37 mg, 0.36mmol)

were introduced, the contents purgeith argon and flask was sedl with septumfollowed
by addedDMF (0.3 mL). The resulting titk suspension was degasskited with argon (4x),
to observecolour change (from green to deep redhe mixture was thetransferred to
preheated oil batat 80 °Cand stirredor 30 min. To hot bloodred mixture degassed solution
of 12 (50 mg, 0.12 mmol) in DMF (0.3 mlyasaddeddropwise and heating was continued at
80 °C for B h. The mixture was diluted wittoluene (5 mL)filtered through cotton patb
remove allinsolubilities andiltrate was evaporated. The residuals dissolved ifEtOAc (25
mL) washedwith water (2x25 mL) and brine (25 mL)The organic layer was dried over
NaSQq, filtered and evaporatedhe resulting offwhite residue was chromatograph&tdAc

2T, Pastierik, P. Gebej ) Od.Cheh20d4ard 83v43382.P. Gt ack o,
3V. Sharma, B. Bachand, M. Simard, J. D. WugsQrg. Chem1994 2, 7785 7792.
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/ pentane, from 1:10 to 1:6/v) system to obtain compourd@® as white crystalline solid (24
mg, 0.095mmol, yield B%).

IH NMR (600 MHz, CDCJ) U 7J=3.2 Hz2H), 7.15 (d,J = 2.4 Hz,2H), 6.74 (dd,) =

8.2, 24Hz,2H), 3.72 (s2H), 3.03 (s12H). ®*CNMR (151 MHz,CDG)) & 150. 3, 143.

125.1,112.3,104.1, 41.4, 35.1.
HRMS (ESI, m/z): [M+H] Calcd. for G7H21N2: 252.1626; found,252.1619

The possibility of reducing the catalyst loading has been checked. The reactions were performed
according to the protocol given above. Keeping the number of equivalents unchanged for: Zn
(3.2 eq.), PPN(3.0 eq.), NaBr (3.0 eq.) and concentration of the reaction mixture (0.2hel).

scale of the reaction was increased with the reduction of the catalysglcaglshown in Table

1.

TableSl1. Optimization of catalyst loading
NiCl2(PPh)2[mol

Entry Scale [mmol] %] Isolated yield [%]
1 0.12 50 79
2 0.73 20 96
3 2.36 10 86
4* 5.34 10 85

*In the case of Entry #he catalyst was generatedsitu. Substratel2 and all reactants were
placed in the flask from the beginning.

d) 3,6-bis(dimethylamino)-9H-fluoren-9-one Ga) i The title compound was synthesized
according to the modified procedure reported in literature.

| |
N3 Ay 123N
‘”O To themixture of compoundl3 (520 mg, 206 mmol) and CZL0Os
1
1 9o 8
o)

(2.0g, 6.18 mmol), DMSO (20 mL) wasadded flask was equipped
with septum, next air was evacuated #agk was backfilled with @
(2x). Reaction mixturevasstirred under an atmosphere®@f (balloon) in room temperature
for 18h After this time TLC EtOAc / pentane 1:1/v) indicatel full consumption of starting
material.Deep orangenixture was dilutedvith 200 mL of CH2Cl>, and washed with water
(3x100 mL) and brine (100 mL). The organic layer was dried oveS®a filtered and
evaporatedThe brown orange residual was dissolved in small volumgHeCl, (20 mL),
followed by EA (70 mL), slow evaporation of the mixture of solvents furnish shiny orange
crystalswhich were filtered and washed with coldCAc and dried under vacuumo give
productba (542 mg, 2.035 mmol, yield 99%).

IH NMR (600 MHz, CDC{) U 7J1=303 Hz, 2H,C1-H), 6.79 (d,J = 2.3 Hz, 2H C4H),
6.45 (ddJ = 8.3, 2.3 Hz, 2HC2H), 3.12 (s, 12HN-CHs).).

13C NMR (151 MHz, CDG)) U (€9, 1548(C3), 146.0(C11), 125.2(C1), 124.3(C10),
110.2C2), 103.0(C4), 40.5(C3).

HRMS (ESI, m/z): [M#Na]* Calcd. for G/H1sNONa 289.1311; found,289.1310

4K. K. Park, L. K. Tsou, A. D. Hamiltor§ynthesis2006 21, 3617 3620.
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e) 3,6-bis(diethylamino)-9H-fluoren-9-one (5b)

IH NMR (500 MHz, CDC¥) U 07 J= 8.8Hz(2H; CH) 6.72 ¢, J= 2.2 Hz, 2H, CH), 6.43 (d, J= 8.4,
2.4 Hz, 2H, C2H), 3.47 (, J= 7.3 Hz, 4H, NCH,), 1.25 (t,J= 7.3, 6H, NCHx-CH3).

BCNMR (126 MHz, CDG) U 191.3 (C9), 152.2 ( C®E)0),10084@), %02.5 C11) ,
(C4), 44.9 (NCH,-CHs), 12.9 (NCH,-CHy).

HSQC: *H (33C) in CDCk) : U 123.6 @186.7¢ 102.5 C4), 6.43109.8 C2), 3.47 44.9 N-CH»-CHz), 1.25
(12.9,N-CHx-CHs).

HMBC H (1C). 7.48 (102.5,109.8, 146.4152.2 191.3, 6.72 (146.4, 123.9, 109)86.43 (L02.5, 123.} 3.47
(152.2

HRMS (ESI, m/z)Calcd.for [CaiH2eN20 + H]*: 323.2045 found 323,2086

Signals assignemeritH (right part of the molecule) based on COSY, and 13Cpftbased
on HSQC(rectangle)and with HMBC(bold, shaded rectarg)l

3.2a) 3,6-bis(dimethylamino)-9-(o-tolyl) -9H-fluoren-9-ol (1a 6
‘ ‘ To a flame dried 0 mL round bottom flask was charged activated Big) (
N N. mg, 1.35mmol) and anhydrous THEA.5 mL), under Ar atmospherdo
0.0 this suspensiod-bromo2-methylbenzen& (192 mg, 0.135 mL1.126
mmol) was addedropwise.The reaction was mildly exothermiéfter
O competition of the additiorhe mixture was transferred to preheated oll
bath and stirred at 60 °C for Ihhe Grignard reagent waecanted anttrated(0.7 M), (0.5
mL, 0.3378 mmol) of this reagent waadded dropwise to flame dried 25 mL round bottom
flask, cooled to-20 °C,charged with keton&a (30 mg, 0.1126 mmol) and 5 mL anhydrous

OH
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THF, under Ar atmosphereDisappearance of yellow fluorescence of the substrate was
observed after the addition. The flask was then transferred to the ice bath and the reddish
solution was stirred for additional 30 min. The reaction mixture was quenched with saturated
solution of \AHCG; (5 mL), diluted with water (50 mL), extracted with ethyl acetate (4x30
mL), the combined yellow organic layers were washed with brine (100 mL), dried a&®i\Na
fillered and evaporated. The resultipmkish residue was then chromatographedO#c /
pentane, from 1:10 to 1:8lv) system to obtain pure compoubabas offwhite solid (24 mg,

0.067 mmol, yieldb(%).

IH NMR (400 MHz,CDCl) U 8J=%0 Hz, 1H), 7.32 () = 7.7 Hz, 1H), 7.17 (td] =
7.4, 1.5 Hz, 1H), 7.0R 6.97 (m, 4H), 6.94 (d] = 7.4 Hz, 1H), 6.56 (dd] = 8.4, 2.4 Hz, 2H),
3.03 (s, 12H), 2.30 (s, 1H), 1.38 (s, 3H).

13CNMR (101 MHz, CDG) G 151. 4, 141. 6, 141. 5, 138. 6,
1245, 112.3103.8, 81.9, 41.0, 19.5.

HRMS (ESI, m/z): [M4Na]* Calcd. for GaHzsN.ONa: 381.1937 found381.1936.

3.2b) N-(6-(dimethylamino)-9-(o-tolyl) -3H-fluoren-3-ylidene)}-N-methylmethanaminium
trifluoroacetate (1a.TFA)
| Carbinol 1a6 (10 mg, 0.028 mmol) was placed in 5 mL glass vial,
/+\ > dissolved in CDGI(0.5 mL), and transferred to NMR tuliéé first*H
ol o spectrum was recorded as a starting polhext(40 uL) of 1M solution
WOV O of TFA-d!in CDCk was addedProgress of the reaction was monitored
by 'H NMR, first spectrum recorded after 5 min., showed full
conversion of starting material. After 1h reaction mixture was evaporated and dried on vacuum.
Dark green residue was recrystalised fl6hCl2 / EtO to obtain pure compouri. TFA as
dark green powder (12 mg, 0.026 mmol, yield 94%).

IH NMR (400 MHz, CDCJ) U 7J=28 HZ 2HC4-H,), 7.41 (tJ= 7.5 Hz, 1H), 7.36
(d,J=7.5Hz, 1H), 7.31 () = 7.4 Hz, 1H)7.20 d,J = 7.4 Hz, 1B, 6.72 (d,J = 8.9 Hz, 2H
C1-H), 6.11 (dd,J = 8.9, 2.1 Hz, 2Hc2-H), 3.37 (s, 12HN-CHs), 2.33 (s, 3H-C 2-GHs).

C NMR (101 MHz,CDCGJ)) 0 173. 3, 158. 0, 147. 7, 135. 9,
128.3, 126.0, 111.9, 111.3, 41.7, 20.4.

19 NMR (376 MHz, CDCJ) -75.91.
HRMS (ESI,m/z): [M]* Calcd. for GaHasN2: 341.2012; found, 341.2011.

3.3a) 3,6bis(dimethylamino)-9-(o-tolyl)-9H-fluoren-9-o | (1bd)

Similar to the procedure described forg to the ketoné&b (20

mg, 0.062 mmol) in absolute THEhe Grignard reager@ was
added (2 eq. in THF) at low temperature and left to stir for 2h.
After the reaction quenched with saturateds8Hthe extracted
crude reaction mixture was chromatographed (EtOAc / hexane
mixture on Biotage) to obtain the corresponding produbta®

light yellow solid (12 mg, 0.06 mmol, yield 49 %). The product
was found to be labile, thus used further immediately.

z—
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IH NMR (500 MHz, CDCY) : i d, 8=.7.2 Biz, IH; CBjl), 7.31 (t,J= 7.6 Hz, 1H, CBjl),7.32 (t, 2H; CN;
H), 6.97 (s, 2H, C4), overlapped with 6.95 (@i, 1H), and 6.93d, J= 8.7 Hz, 2H; CiH), 6.14 (dd )= 2.4,
8.5 Hz, 2H, C2H), 3.42 (qJ= 7.5 Hz,-N-CH2-), 1.21 (t, 3HJ= 7 Hz,-NCH2-CH3).

HRMS (ESI, m/z): [M+Na] Calcd. for GsHs4N2ONa: 437,2568; found, 437.2543.

3.3b) N-(6-(dimethylamino)-9-(o-tolyl) -3H-fluoren-3-ylidene)}-N-methylmethanaminium
trifluoroacetate (1b.TFA)

Carbinoll b (@1 mg, 0.028 mmol) was placed in 5 mL glass
vial, dissolved irCDClz (0.5 mL), and transferred to NMR tube
(the firstH spectrum was recorded as a starting poidext

(40 pL) of 1M solution of TFAd! in CDCkL was added.
Progress of the reaction was monitored ¥y NMR, first
spectrum recorded after 5 min., showed full conversion of
starting material. After 1h reaction mixture was evaporated and
dried on vacuum. Dark green residue was recrystalised from
CHCl> / EtO to obtain pure compourid.TFA as dark powder.

IH NMR (500 MHz, CDCJ) : U m,2H; @5N{i),(7.33 (m, 1H C4N{l), 7.33 (br, 1H, CENYl, overlapped with
7.31 @H, C4-H) 7.20 prd, J= 7.5, 1H;C3N{l), 6.75 @, J= 8.7 Hz, 2H; CaH), 6.14 (brd, J= 9.2 Hz, 2H; C2H),
3.76 (q,J= 7.5 Hz,-N-CH2-), 1.34 (t, 3H,J= 6.8 Hz,-NCH2-CH3).

13C NMR (125MHz,CDCkL) U 171. 9, 156. 2, 148. 1, 136. 0, 133.9,
111.2, 46.8, 20.5, 13.6.

HRMS (ESI, m/z): [M] Calcd. for GeHsaN2": 397.2638; found: 397.2622

Signals assignement: 1(Hght part of the molecule) based on COSY, and 13C (left part) based
on HSQC (rectangle), and with HMBC (bold, shaded rectangle)
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3.4a) 3,6-bis(dimethylamino)-9-(4-methoxyphenyl}9H-fluoren-9-ol (20
| | The title compound was synthesized according tprtbeedure described
g 0.0 = for 26from Mg (146 mg, 6.0 mmol)]1-bromo4-methoxybenzen& (935
OH mg, 0.625 mL, 5.0 mmoln THF (5.0 mL),(concentration of Grignard
O reagent has been determined as (0.@\dylition totheketone5a (30 mg,
0.1126 mmol) was realised (0.56 mL, 6638mol) at low temperature
Thecrudereaction mixture washromatographed (BAc/ pentane, from
1:10 to 1:5v/v) systemto give the correspondingroduct2 @sreddishsolid (41 mg, 0.12
mmol, yield97%).

IH NMR (600 MHz,CDClz) 0 7J.=8.8 Hz(2Hd, C36H), 7.15 (d,J = 8.4 Hz,2H, C1-H),
6.98 (d,J = 2.4 Hz,2H, C4-H), 6.78 (d,J = 8.8 Hz,2H, C2 &), 6.60 (dd,J = 8.4, 2.4 Hz, 1H
C2-H), 3.76 (s3H, C 2-OCHs), 3.02 (s12H N-CH3), 2.42 (S, 1HC9-OH).

13CNMR (151 MHz, CDG) G 158. 4, 151. 4, 140. 9, 139.
103.6, 82.5, 55.21.0.

HRMS (ESI, m/z): [M4Na]* Calcd. for GaHzsN2O:Na: 397.1892, found,397.1886

SN

3.4b) N-(6-(dimethylamino)-9-(4-methoxyphenyl}3H-fluoren-3-ylidene)-N-
methylmethanaminium trifluoroacetate (2.TFA)

he . Carbinol 2 10 mg, 0.027 mmol) was placed in 5 mL glass vial,

o O’O = dissolved in CDGI(0.5 mL), and transferred to NMR tubtiag first'H

_ spectrum was recorded as a starting poéxt (40 pL) of 1Msolution
¥° O of TFA-d! in CDCk was addedProgress of the reaction was monitored
by *H NMR, first spectrum recorded after 5 min., showed full conversion
of starting material. After 1h reaction mixture was evaporated and dried
on vacuum. Dark brownish residue was recrystalised f@aCl, / ELO to obtain pure
compound.TFA as dark greemnedish powder (12 mg, 0.025 mmaol, yield 95%).

H NMR (400 MHz, CDC4) U (br7C4-Bl) overlapped witt7.55 (m, 4H, C36:H), 7.10 (d,J
= 9.0 Hz, 2H C1-H), 7.07 (d,J = 8.5 Hz, 2H C26H), 6.19 (ddJ = 9.0, 2.1 Hz, 2HC2-H),
3.92 (s,3H  @©LCHE), 3.36 (s, 12H).

13C NMR (101 MHz, CDG)) U 170. 9, 11638.19Hz), 158.0, 147.9, 133.,,
131.7, 127.8, 124.5, 115.82 (= 289.4 Hz), 115.0, 111.3, 111.1, 55.7, 41.4.

1% NMR (376 MHz, CDG)) -75.46.
HRMS (ESI, m/z): [M] Calcd. for G4H2sN20: 357.1961; found, 357.1965.

S11

9,



3.5a) 3,6-bis(dimethylamino)-9-((4-methoxyphenyl)ethynyl}9H-fluoren-9-ol (39
\ | To the degassed and cooled 168 °C solution of IJethynyh4-
N 0.0 "~ methoxybenzen@ (45 mg, 0.338 mmol) in anhydrous THF (1 mL), under

on Ar atmospheren-butyllithium (0.21 mL of 1.6 M solution in hexane,
I ~0.336 mmol) was carefully introduced through a needle along the wall
of the flask. Clear solution quickly turned orange and then patkish
O Mixture of reagents was stirred at8 °C for next 20 min, next the
O degassed, deep orange solution of ketor{80 mg, 0.1126 mmol) in

anhydrous THF (1 mL) was injected oveR Inin along the wall of the flask. Disappearance of
yellow fluorescence of the substrate was observed after the addition, the reddish solution was
stirred for additional 30 min. The cooling bath was removed and the mixture was allowed to
warm up to ~0 °C (~30 min). The reaction mixture was quenched with saturated solution of
NaHCQG (5 mL), diluted with water (50 mL), extracted with ethyl acetate (4x30 mL), the
combined yellow organic layers were washed with brine (100 mL), dried oy8(Ndiltered

and evaporated. The resultipgnkish residue was then chromatographetO#&c / pentane,

from 1:10 to 1:5y/v) system to obtain pure compouBdas grey solid (38 mg, 0.0953 mmol,

yield 86%).

IH NMR (400 MHz, CDCY) U 7J=8.8 Hz 2HC1-H), 7.35 (dJ = 8.7 Hz, 2HC 5-18
), 6.94 (d,J = 2.4 Hz, 2H C4-H), 6.77 (d,J = 8.7 Hz, 2H C 4-18), 6.69 (dd,J = 8.4, 2.4 Hz,
2H, C2-H), 3.78 (s, 3H-OCH3), 3.04 (s, 12HNCH3), 2.47 (s, 1H-OH).

13%C NMR (101 MHz, CDG)i 159. 4, 151. 9, 140. 5, 136. 7, 1:¢
103.6, 92.8, 88.7, 81.8, 55.2, 41.0.

HRMS (ESI, m/z): [M+Na] Calcd. for GeH26N202Na: 421.1886; found, 421.1883.

3.5b) N-(6-(dimethylamino)-9-((4-methoxyphenyl)ethynyl}3H-fluoren-3-ylidene)-N-
methylmethanaminium trifluoroacetate (3.TFA)
\ | The praeedure was similao other dehydrationsising the arbinol3 @
/'3\ "~ a NMR tubewith the addition of40pL of 1M solution of TFAd! in
CDCls. Dark brownish residue wascrystallizedrom CH.Cl, / EO to
Il obtain pure compoun8l TFA as dark powdewith over95%yield.

FsC O

b
o

SN

'H NMR (400 MHz, CDCJ): 3 exists as omixturetwo isomers

Major: 0 43 (d), overlapped witf.39 (d) @H), 6.91 (d) overlapped with 6.85 jd&bH), 382
(s, 3H), 3.3 (s, 12H).

Minor: i 68 (d, J = 8.2Hz, 2H, C1-H), 7.10 (br, 2HC4-H), 6.99 (d, J = 9.1 Hz, 2H, ), 636
(dd,J = 8.4Hz, 2H, , C4-H), 5,48 (d,J =2.92 2H, C4-H), 5.12 (d,J =2.92 2H), 3.2 (s, 3H),
34 (s, 12H).

HRMS (ESI, m/z): [M] Calcd. for GeH2sN20: 381.1961; found, 381.1963.
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3.6) 3,6-bis(dimethylamino)-3'H-spiro[fluorene-9,1-isobenzofuran}3'-one (49
To the degassed and cooled-100 °C (bath temperature, diethyl
| | etheri liquid N2) solution oftert-butyl-2-bromobenzoate8{ mg,
g 0.0 > 034 mmo) in anhydrous THF3 mL), under Ar atmosphereert-
° butyllithium (180uL of 1.9 M solution inpentang~0681mmol) was
Q carefully introduced through a needle along the wall of the flask.
0 Clear solution quickly turnegellowish Mixture of reagents was
stirred at100°C for next 20 min

To thislithium reagentcooled to-100 °G degassed solution of ketoB¢30 mg, 0.1126 mmol)

in anhydrous THFAmL) was injected over-2 min along the wall of the flask. Disappearance

of yellow fluorescence of the substrate was observed after the additige]ltveish solution

was stirred for additional 30 min. The cooling bath was removed and the mixture was allowed
to warm up to ~0 °C (~30 min). The reaction mixture was quenched with saturated solution of
NaHCQG (5 mL), diluted with water (50 mL), extracted with ethyl acetate (4x30 mL), the
combined yellow organic layers were washed with brine (100 mL), dviedNeSQy, filtered

and evaporated. The resultipgllowishresidue was then chromatographed (EA / pentane, from
1:6to 1.3, v/v) system to obtain pure compouhdsoff-white solid (2 mg, 0.6 mmol, yield

77%).

IH NMR (600 MHz,CDCls) & i 8.96@Qn®1H, C36H), 7.52i 7.48 (m,2H, C46H, C56H),
7.01 (d,J = 2.4 Hz,2H, C4-H), 6.96i 6.93 (m,1H, C66H), 6.82 (d,J = 8.4 Hz,2H, C1-H),
6.51 (dd,J = 8.4, 24 Hz, 2H, C2-H), 3.05 (s, 12kN-CHa).

13C NMR (151 MHz, CDG) 111.1, 152.2, 151.7, 142.4, 134.3, 130.8, 128.9, 126.5, 125.1,
124.8, 122.3, 111.8, 103.5, 92.7, 40.8.

HRMS (ESI, m/z): [M#Na]* Calcd. for GaH2N.O:Na: 393.1573found,393.1573
Calcd. for [C24H22N202 +H]371.1754, found: 3716813

3.7a) 3,6-bis(dimethylamino)-9-(4-methoxyphenyl}9H-fluoren-9-ol (1006 )

The title compound was synthesized according to the procedure
described for 1a6 with a commercially available (2-
methoxyphenyl) magnesiudil (1 M) in THF. Addition to the
ketonebb (22mg, 0.1126 mmolat lowtemperature. The crude
reaction mixture was chromatographed (EtOAc / pentane, from
1:10 to 1:5y/v) system to give the corresponding prodL@ias

light yellow solid (41 mg, 0.112 mmol, yield 97%).

'H NMR (400 MHz, CDCJ) U df, J=2.8, 7.6 Hz2H; C6NH), 7.44 (br s, 2H; CH),
7.31 dd, J=1.5. 7.7 Hz, 1H; GNH), 7.08 €t, J= 2.3, 7.3 Hz, 1HC4NH) overlapped with
7.07 @, J=ca 8.5 HzC5NH), 6.92 ¢, J= 8.8 Hz, 2H; C1H), 6.13 ¢d, J= 2.3, 8.8 Hz, 2H,;
C2-H), 3.84 (s, 3H;OCH3), 3.68(br, overlapped 3.844H,-N-CH2-), 1.31 (t, 3HJ= 6 Hz,-
NCH2-CH3).
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13C NMR (125 MHz, CDGCJ) 116886, 157.5, 1563, 148.4, 134.4, 133,930.6, 129.2, 121.2, 120.9, 112.1,
110.7, 55.8, 46.8, 13.8.

BCNMR (101 MHz,CDCIz) 0 16 7 .156.3, 14&4713%9, 132.8, 130.6, 129.0, 121.58, 120.9,
114.0,112.0, 110.4, 55.8, 47.1, 14.0.

HRMS (ESI, m/z): [M+Na] Calcd. for G4H26N202Na: 397.1892; found, 397.1886

3.84

Signals assignemefdr 1 Q IH (left part of the molecule) based dB-, COSY, and 13Cr{ght
partbasedn 10),

3.7b) N-(6-(dimethylamino)-9-(4-methoxyphenyl}3H-fluoren-3-ylidene)-N-
methylmethanaminium trifluoroacetate (10.TFA)

Carbinol106(12 mg, 0.023 mmol) was placed in 5 mL glass
vial, dissolved in CDGI(0.5 mL), and transferred to NMR tube
(the first'H spectrum was recorded as a starting polext

(40 pL) of 1M solution of TFAd! in CDCk was added.
Progress of the reaction was monitored By NMR, first
spectrum recorded after 5 min., showed full conversion of
starting material. After 1h reaction mixture was evaporated and
dried on vacuum. Dark brownish residue was recrystalised
from CHCl2/ EtO to obtain pure compourdd. TFA as rosered powder (1 mg, 0.02 mmol,
yield 94%).

'HNMR (400 MHz, CDCY) : U dt D= 428. 3, 7 . ), H4a (br n2 2H; C49,4 Nj
730@d, )= 1. 5. 7. -H), HO5 (oveladped witle N}, 1H; C3NH, C 5-H)j 6.92
(d, J=9 Hz, 2H; C1H), 6.13 (brd, J= 9.1 Hz, 2H; C2H), 3.83 (s, 3H, €40CH3), 3.76 (br,
overlapped with 3.83, 4HN-CH2-), 1.34 (t, 3HJ= 6.8 Hz,-NCH2-CH3).

HSQC:H(13C), 500 MHz,125MHz (in CDCI3)

07.48 (1332, C 3HYj 7.44 (12.1 C4H), 7.30 (30.6,C 6:H)} 7.05 (120.9 C5N{) 7.03
(112.1 C 4HYj 6.87 (134.4 C1-H), 6.07 10.7 C2H), 3.83 65.8 -OCH3), 3.76 #6.8 N-
CH2-), 1.34 (3.7,-N CH2-CH3).
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HMBC: H(3C), 500 MHz,125MHz (in CDCI3)
6.13 (L12.2 129.9, 6.92 (110.7, 148.4, 157.0, 168.§),06:7.07 (L12.2 130.6 121.2, 120.9,
157.5 168.9, 7.30 (133.2,157.5 168.9, 7.48(130.6, 157.%

BCNMR (101MHz,CDG)) U 168589 . 6C9Q C23),148.4 (CELp 134.4 (CL,
133.2(C 4),6130.6 C 690129.2 C10, 121.2 (A6 ) , 130 ., 9(1Q@a)l, 110.7 (C
55.8 (G ¢OCH3), 46.8 (NCH2-CH3), 13.7 (N CHXCH3).

HRMS (ESI, m/z): [M+Na] Calcd. for GgHs3N20": 4132587 found 4132543;

Signals assignemefudr 10: 1H (eft), and 13Crightt) based on HSQQCectangle), with HMBC
(bold, shaded rectanglegnd H,HCOSY.

3.8a) 9-(3,5-bis(trifluoromethyl)phenyl) -3,6-bis(dimethylamino)-9H-fluoren-9-ol (126 )

! | The title compound was synthesized according to the procedure described
g 0.0 T for 1aéfrom Mg (146 mg, 6.0 mmol), -bromo3,5

OH bis(trifluoromethyl)benzene (1.465 g, 0.86 mL, 5.0 mmol) in THF (5.0
O mL), (concentration of Grignard reagent has been determined as (0.59M).
CFs Addition to ketoneésa (40 mg, 0.150 mmol) in THF (7.5 mL), was realised

by (0.76 mL, 0.448 mmol) of GR. The crude reaction mixture was chromatographed (EA /
pentane, from 1:10 to 1:8lv) system to give the corresponding prodifas yellowish solid
(67 mg, 0.139 mmol, yield 93%).

IH NMR (600 MHz, CDGJ) 770 pr's, 1H C 4-18), 7.65 (d, 2HC 2-1d, C 6-18), 7.06 (dJ =
8.3 Hz, 2H C1-H), 6.98 (d,J = 2.4 Hz, 2HC4-H), 6.58 (dd,) = 8.3, 2.4 Hz, 2HC2-H), 3.04
(s, 12H N-CH3), 2.61 (s, 1H).

3CNMR (151 MHz, CDG)) U 151.8, 147.9,J=334Hz),1260WB8. 1,
= 3.2 Hz), 124.8, 123.5 (d,= 272.8 Hz), 120.7 (@ = 3.4 Hz), 112.5, 103.7, 82.2, 40.9.

19F NMR (564 MHz, CDC)) -62.63.
HRMS (ESI, m/z): [M+H] Calcd. for GsH23FsN2O: 480.1636; found 480.1624.

F3C
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3.8b) N-(9-(3,5-bis(trifluoromethyl)phenyl) -6-(dimethylamino)-3H-fluoren-3-ylidene)--
methylmethanaminium trifluoroacetate (12.TFA)
he [ Carbinol 126 (10 mg, 0.021 mmol) was placed in 5 mL glass vial,

o ‘,O > dissolved in CDGI(0.5 mL), and transferred to NMR tubibé first*H

o spectrum was recorded as a starting pohixt (30 puL) of 1M solution
70( O of TFA-d! in CDCk was addedProgress of the reaction was monitored

FoC CFs by 'H NMR, full conversion of starting material was not accomplished
after 48h, additiongortion of 1M solution of TFAd! was added and NMR tube was placed in
preheated oil bath, 40 °C for 1h. NMR analysis showed full conversion of starting material.
Reaction mixture was evaporated and dried on vacuum. Dark brownish residue was
recrystalised from CpCl> / EtO to obtain pure compourd@. TFA as dark reddish powder (12
mg, 0.025 mmol, yield 99%).

IH NMR (600 MHz, CDC4) U B's, DHEC 4{d), 7.94 br s, 2H C 2-18, C 6-18), 7.69 pr
s, 2H C4-H), 6.88 (d,J = 9.0 Hz, 2H C1-H), 6.22 (ddJ = 9.0, 1.8 Hz, 2HC2-H), 3.42 (s,
12H, N-CHa).

3CNMR (151 MHz, CDGJ) © 16 5 . P=40.51H,9TFA), 1670, 147.4, 133.5, 133.0
(q,J=33.8 Hz), 132.8, 128.5 (d= 4.0 Hz), 128.4, 124.9 (p= 3.5 Hz), 122.73 (q] = 273.2
Hz), 115.0 (q,) = 286.2 Hz, (TFA), 112.8, 112.2, 41.9.

1F NMR (564 MHz, CDG)  -68.00(Ar-CFs), -75.90.
HRMS (ESI, m/z): [M] Calcd. for GsH21FsN2: 463.1603; found, 463.1603.

F3C
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4) Supplementary Figures

4.1) Absorption spectra

0,485

0,435
1 — 50 uM
0,385
o 0335 — 20 uM
S
* —
§ 0,285
10 uM
8 0,235
<
0,185
5uM
0,135
0,085
0,035
0,015 600 700 800 200 1000 1100 -:1200 1300
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Figure $4. Absorption spectra df at concentrations ranging from 50 uM (blue), 20 nm
(orange), 10 nm (grey) and 5 uM yellow.
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Figure Sb. Absorption spectra d at concentrations ranging from 50 uM (blue), 20 nm
(orange), 10 nm (grey) and 5 uM (yellow).
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Figure S6. Absorption spectra @ at concentrations ranging from 50 uM (blue), 20 nm
(orang¢, 10 nm (grey) and 5 uM yellow
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Figure S7. Absorption spectra dfb at different pH rangesConc. 50uM prepared by
diluting theDMSO stock solutiorwith aqueous buffein 1:1 ratig
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Figure S8. Absorption spectra df0 at different pH rangesbMSO stockConc. 50uM, and
20 uM prepared byliluting the DMSO stock solution with aqueous buffeb:2 ratio)

4.2)Fluorescence missionspectra at different pHs
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Figure S9. pH dependerfiuorescencemission spectraf 1b (with a 880 nnmong pasdilter,
conc. 25 uM) quenching in basibuffer medium was observed
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Figure S10. pH dependent emission spectral6f(with a 880 nm filterconc. 20 uM), in 1:1
DMSO/buffer medium.

4.2) Determination of fluorescence quantum yields
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y ] Slope=2.89349 E13
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Figure S11. Determination gantum yield(d «) of 1b with respective to IRR6 and IR1061 as
referencebased on integrated fluorescence intensity vs absorbaresequlsly determined
of IR-26 =0.048% and IR1061 = 0.32%in DCE).
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Figure S12. Determination of gantum yield(tq) of 10 with respective to IRL061, IR-26
referencs, based on integrated fluorescence intensity vs absorljpresgoulsly determined
0 of IR-26 = 0.048%, and IR061 = 0.32% in DCE).

4.3) Computational Details

4.3a)TF-DFT predicted spectra withrespective maxima
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Figure S13a. The TDDFT (PBEQ in watej predicted optical spectra with oscillator strength
(y-axis) of three dyesl{3), along with rhodamine (Rdn) for comparisoregtimate the
prediction error.
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Figure S13b. The TDDFT (PBEQ in DMSO) predicted optical spectra with oscillator
strength (yaxis) of three dyesl{3), along with rhodamine (Rdn) for comparison toraste
the prediction error.

TableS2.TD-DFT computed absospPtibod WOMONeWYOhsnee
g a p () gsihg two different types of basis sets

PBEO(SMD:DMSO)/Def2TZVPP | PBEO(SMD:DMS0)/6311G(d,p)
compd. Bmax (NM) qEH-L (eV) dmax (NM) qEH-L (eV)
Rdn 467 3.14 566 3.13
la 745 2.30 741 2.29
2 731 2.34 727 2.33
3 793 2.14 788 2.13

4.3p) Computational methods

All the geometries were optimized with Gaussian 16 program packasjeg longrange

di spersion corrected hyDhSAll atomd wenestreateg with the ct i o1
Ahlrichs splitvalance polarization basis function d&fZVP.” The geometries were optimized

without any symmetry constraints. Harmonic force constants were computed at the optimized
geometries to characterize the stationary points as minima or saddle points. The solvent effects

5 M. J. Frischet al, Gaussian 16, Revision C.Q%aussian, Inc., Wallingford C2019.
€ J. D. Chai, M. Hea@ordon,Phys. Chem. Chem. Phy908 10, 6615.
" A. Schéafer, H. Horn, R. Ahlrichs, ChemPhys 1992 97, 2571.
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( DMSO: U = 46.826) we r e -censigentueattiendield (BGRF)i ci t |
approach using the SMD continuum solvation model for geometry optimiZatiGime-

dependent DFT (TEDFT) calculations were performed using hybrid exchange and correlation
functional of Perdew, Burke, and Ernzerhof, called PBEich includes Hartre€ock (HF)

exchange in a 3:1 ratio of PBE to HF, and basis function-t&%PP. Natural population

analysis was conducted using the natural bonding orbital, NBO program, Ver8ion 6.

Full Reference forGaussian 16, Revision C.Q2

M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
Scalmani, V. Barone, G. A. Petersson, H. Nakatsuji, X. Li, M. Caricato, A. V. Marenich, J. Bloino, B.
G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian, Jrtiz, @. F. Izmaylov, J. L. Sonnenberg,

D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T. Henderson, D.
Ranasinghe, V. G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota,
R. Fukuda, J. Hagawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K.
Throssell, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. N. Brothers,
K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi, J. Normand, K. Reathari, A. P.

Rendell, J. C. Burant, S. S. lyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R.
Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma, O. Farkas, J. B. Foresman, and D. J. Fox,
Gaussian, Inc., Wallingford C2019

9A. V. Marenich, C. J. Cramer, D. G. TruhldrPhys Chem B009 113 6378.
10C. Adamo, V. Barone]. Chem. Phy<999 110(13), 6158.
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5) NMR spectra

5.1) Recursors towards the compound5
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5.2) NMR spectra towards compoundla
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5.3) NMR spectra towards compound 1b
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5.5) NMR spectra towards compound3
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5.7) NMR spectra towards compound 10
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13C-Spectra

168.78
—157.54
—~156.11

148.37

_~134.38
~133.24
— 130.64
~129.18

12121
™\ 120.95

—112.13
~110.75

55.83
13.75

46.81

{1200

1100

1000

900

800

700

600

500

400

300

200

100

r-100

T T
160 150

T
140

T
130

T
120

T
110

T
100

T T
90 80 70 60 50 40 30 20 10

1 (ppm)

r 10

20

30

L40

50

60

70

80

90

100

110

120

130

r140

150

160

‘*170

9.0 8.5

1H, 1C- HSQC:

8.0

7.5

7.0

6.5

6.0

5.5

T
5.0 4.5 0.5

. 4.0
f2 (ppm)

S53

0.0

f1 (ppm)



J

3

1H, 3C- HMBC

7.0

S54

20

30

F40

F50

60

70

80

90

r100

110

120

130

140

150

160

170

180

190

-200

f1 (ppm)



5.8) NMR spectra of towards compound 2
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6) M assspectra
6.1) HRMS of Compound 5a
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Chemical Formula: C47H4gN,O
Molecular Weight: 266,3440
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6.2) HRMS of Compound 5b
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6.3) HRMS of Compound 1a

Ns

1a

Chemical Formula: Co4H,5N,*
Exact Mass: 341,2012
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6.4) HRMS of Compound 1b

Chemical Formula: CpgH3sN,O* Chemical Formula: CygH33N,"
Exact Mass: 415.2744 and Exact Mass: 397,2638
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6.5) HRMS of Compound 2
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Chemical Formula: Cy4H,5N,0"
Exact Mass: 357,1961
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6.6) HRMS of compound 3

SN
Chemical Formula: CygHpsN,0O*
Exact Mass: 381,1961

D:\Data2\...\ru-mpx-126-tfa_210708102833 7/8/2021 2:31:04 PM Pieczykolanimpx-126-tfa
gelin THF
ru-mpx-126-tfa_210708102833 #14 RT: 0.22 AV: 1 NL: 1.33E8
T: FTMS + p ESI Full ms [120.00-1200.00]
100 381.19632

95—
%0
85-
80~
75"
70°
65
60
55

50

45

Relative Abundance

40 -
35
30—

= 779.39575

20
15

10

338.16641
181.08345 253.14095

413.22195 580.29535 751.40057  809.40588
o T a I

[ 1 [ 914.43463 1042.54834 1199.55017
) ! ' T | y ; b e

' |
200 300 400 500 600 700 800 900 1000 1100 1200
m/z

S62



6.7) HRMS of Compound 4

0] 0]
Chemical Formula: Co4Hp3N,0," Chemical Formula: Cy4H2oN,NaO,
Exact Mass: 317,1750 Exact Mass: 393,15735
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