


1. Experimental procedures

General

All chemicals were used as received unless otherwise noted. All repdridBIR and'*C NMR
spectra were recorded an 400MHz, 500MHz or 600MHz spectrometerChromatography was
performed on silicapore size60 , 230-400 mesh).

Diffraction experimats were performedsing aBruker APEXII CCD apparatus and the crystal
structure was solved using SHELX014software.

Absorption spectra at room temperature were recoodelPerkin Elmer UV/VIS spectrometer,
model Lamiola 35(general spectra)r SchimadzWwV-3600i Plus UWVis-NIR spectrophotometdpH
dependence and stability measuremernfduorescence spectra were measured witHedinburgh
Instrumentsspectrophotometer, modeLS1000 with 656.7nm diode laser as @ externalexcitation
source.

Bis(2-bromo4-dimethylaminophenyl)methane  (1-H),! bis(2-bromo4-dimethylbminc5-
fluorophenyl)methandg1-F),2 and bis(6-bromo1-methylindolin5-yl)methane(1-In)® were prepared

according to the literature procedures.
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Scheme S1Synthesis of diaminofluorenoneésH, 3-F, and 3-In by nickel-catalyzed Yamamottype cyclization and
aerobic oxidationCompundsl-H,! 1-F,? and1-In® were prepared fror@-H, 0-F, and0-In, respectively, according to the

literature procedures.
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3,6-Bis(dimethylamino)fluorene (2-H)

Zinc dust wasactivated by suspension in 2%Claq for 15min. Metal was filtered off, washed
with deionized wate(2x), ethanol (2x) and diethyl ether (2x), and dried under vaclis{2-bromo
4-dimethybminophenyl)methane(1-H) (3.01g, 7.30mmol), preactivated zinc dst (1.43g,
21.9mmol, 3.0equiv.), bis(triphenylphosphine)nickel(ll) dichloride (478, 0.73mmol, 0.1equiv.),

2 , -Bigyridyl (114mg, 0.73mmol, 0.lequiv.), and potassium bromide (134 14.6mmol,
2.0equiv.) were placed in a Schlenk flask ahdé vessel was evacuated and backfilled with argon
(three times). Anhydrous dimethylformamide @#Q) was added and the resulting mixture was stirred
at 60A C  fhoThe r8action mixture was diluted with toluene and passed threeligg which was
washel three times with toluene. To the combirfdttates, water was added and theyers were
separated. The aqueous layer was extracted three times with toluene. The combined organic layer
were washed twice with brine and dried over anhydrou$@Qa The sévents were removed in vacuo
and the product was purified using column chromatography (gié¢alichloromethane/ethyl acetate
95/5) to givel.69g (6.70 mmol, 92%) oR-H as anoff-white solid. Mp. 148 150A QLit.* 147
149A T 'H NMR (400MHz, CDCb) i 7.35 (d,J = 8.3Hz, 2H), 7.14 (d) = 2.4Hz, 2H), 6.73 (ddJ =

8.3, 2.5Hz, 2H), 3.71 (s, 2H), 3.01 (s, 12HYC NMR (101MHz, CDCk) i 150.5, 143.1, 133.3,
125.3, 112.5, 104.3, 41.6, 35BRMS (ESI) m/z calcd. for GH21N2 ([M+H]*): 253.1705 found:
253.1707

3,6-Bis(dimethylamino)-2,7-difluoro fluorene (2-F)

Prepared by the same procedur&-#$ usingthe following amounts of reagentsis(2-bromo4-
dimethylmino5-fluorophenyl)methang1-F) (2.06 g, 4.60 mmol), preactivated zinc dus©Q3mg,
13.8mmol, 3.0equiv.), bis(triphenylphosphine)nickel(ll) dichlorid80l mg, 046 mmol, 0.1 equiv.),

2 , -Bigyridyl (72mg, 046 mmol, 0.1equiv.), potassium bromidd.09g, 9.24mmol, 2.0equiv.)and
25mL of DMF. Columnchromatography purificatio(silica gel, dichloromethane/ethyl acetate 95/5)
provided1.18g (4.09 mmol, 89%) 0?-F as a off-white sold. Mp. 105 107A C*H NMR (500 MHz,
CDCls) i 7.23 (d,Jue = 8.0Hz, 2H), 7.16 (dJue = 12.4Hz, 2H), 3.72 (s, 2H), 2.90 (s, 12HJC NMR
(126MHz, CDCl3) U 1551 (d, Jcr = 244.7Hz), 140.4 (dJce = 10.2Hz), 1375 (s), 136.9 (dJcF =
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9.8Hz), 113.0 (d, Jcr = 22.7Hz), 109.1 (¥ 43.5 (d,Jcr = 3.4 Hz),36.1 (s). HRMS (ESI) m/z calcd.
for C17H19FN2 ([M+H]™): 289.1516 found:289.1518

1,9-Dimethyl-2,3,5,7,8,%hexahydro-1H-cyclopenta[1,2f:4,3-f']diindole (2-In)

N Q'O N
| |
Prepared by the same procedur@-&$ using the following amounts of reageni$s(6-bromo1-

methylindolin5-yl)methane(1-In) (3.43g, 7.86mmol), preactivated zinc dustl.64g, 23.6mmol,
3.0equiv.), bis(triphenylphosphine)nickel(ll) dichlorides1@mg, 079mmol, 0.lequi v .-) ,
bipyridyl (123mg, 079 mmol, 0.1equiv.), potassium bromidel.87g, 15.7mmol, 2.0equiv.) and
40 mL of DMF. Becausdhe produci2-In was found to be unstabéd decomposed in contact with
silica gel,the crude material obtained after extraction and evaporetithe solventsvas used directly

in theoxidationstep.

3,6-Bis(dimethylamino)-9H-fluoren-9-one (3-H)

3,6-Bis(dimettylamino)fluorene 2-H) (883mg, 3.50mmol) was dissolved inl20mL of dry
THF. Powdered sodium hydroxide2(80g, 70mmol, 20equiv.) and tetrabutylammonium bromide
(TBAB) (226 mg, 0.70mmol, 0.20equiv.) were added and thaxture was vigorously stirred under a
slow flow of dry air for 3.5 at rt The mixture was diluted with water abthOH was neutralizedy
slow addition of2M hydrochloric acid40 mL). The mixture was dracted with chloroform (4 times).
The combined organic layers were washed witime (2 times) andiried over anhydrousvigSQs.
After evaporation of the solves)tthe product was purified by column chromatograpsilic& gel
dichloromethankethyl acetat€92/8 to 90/10) to give 856mg (3.21mmol, 92%) of ketone3-H asa
bright orangepowder. Mp. 253 255A Lit.* 250/ 252A T *H NMR (400MHz, CDCk) i 7.50 (d,J =
8.4Hz, 2H), 6.78 (dJ = 2.3Hz, 2H), 6.45 (ddJ = 8.4, 2.3Hz, 2H), 3.11 (s, 12H)*C NMR
(101MHz, CDCk) U 191.6, 154, 146.1, 125.3, 124.5, 110.4, 103.1, 40.8RMS (ESI) m/z calcd.
for C17H1oN20 ([M+H]*): 267.1497 found: 267.1496
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3,6-Bis(dimethylamino)-2,7-difluoro -9H-fluoren-9-one (3F)

Prepared by the same procedure 3Bl using the following amounts of reagent3;6-
bis(dimethylamino)2, 7-difluorofluorene 2-F) (721mg, 2.50mmol), powdered sodium hydroxide
(2.00g, 50mmol, 20equiv.), tetrabutylammonium bromide (TBAB) (16fy, 0.50mmol,
0.20equiv.), and 100mL of dry THF. Reaction time: 2. After neutralization,extraction with
chloroform, washing with brine, drying witigSQs, and evaporation of the solvents, the product was
purified by recrystallizatiofirom ethanol/methasi ~1/1 mixtureto give 636mg (2.10mmol, 84%) of
ketone3-F asared crystalline power. Mp. 185 188A C'H NMR (500MHz, CDCl3) Ui 7.20 (d,Jur =
12.5Hz, 2H), 6.80 (dJur = 7.5Hz, 2H), 3.04 (dJur = 1.5Hz, 12H).3C NMR (126 MHz, CDCl3) i
1903 (s), 153.4 (dJcr = 245.3Hz), 1451 (d, Jcr = 9.0Hz), 140.9 (s), 126.5 (dcr = 6.8Hz), 1127
(d, Jcr = 23.4Hz), 1081 (d, Jcr = 4.7Hz), 42.6 (d,Jcr = 6.0Hz). HRMS (ESI) m/z calcd. for
Ci17H17FN20 ([M+H]¥): 303.1309 found:303.1310

1,9-Dimethyl-1,2,3,7,8,%hexahydro-5H-cyclopenta[1,2f:4,3-f']diindol -5-one (3-In)

N Q'O N
| |
Prepared by the same procedure3ds using the following amounts of reagenGrude 2-In

(whole sample obtained in the previous step, rmssiamount: 7.86mmol), powdered sodium
hydroxide 6.29g, 157.2mmol, 20equiv.), tetrabutylammonium bromide (TBAB)5Q6mg,
1.57mmol, 0.20equiv.), and200mL of dry THF. Reaction time4.5h. The reaction mixture was
diluted with 50mL of deionized wadr and stirred, upon which a deep red precipitate formed. The solid
was collected by filtratiorand washed with wateto give 1.233 of crude materialwhich was
recrystallized by dissolution in a dichloromethane/methanol mixturgeeuipitated by slow addition
of diethyl etherAfter filtration, 1.14g (3.93mmol, 50% yieldfrom 1-In) of 3-In was obtained aa
dark brown powderMp. 320/ 330A Qwith decomposition)*H NMR (400 MHz, CDC4) Ui 7.24 (s,
2H), 6.45 (s, 2H), 3.48 (§,= 8.5Hz, 4H), 2.97 2.90 (m, 4H), 2.89 (s, 6H¥3C NMR (101MHz, 4/1
(v/v) CDCl>/ CD3OD) 11 192.7, 158, 1472, 129.4, 125.2, 120.2, 98.3, B534.6, B.0. HRMS (ESI)
m/z calcd. for @H1gN>ONa ([M+NaJ): 313.1317; found: 313.1316.



Preparation of a solution of 2,6di met hyl phenyl magnesi um br omi de
4-H-a and 6F. Lithium chloride (424mg, 10.0mmol) and magnesium turnings (251, 10.5mmol)

were placed in a Schlerilask and dried under vacuum while the flask was heated with a heangun

left connected to vacuum for several minutesdol to rt. The flask wasevacuated andefilled with

argon threetimes) and anhydrous THR20.0mL) was added. Thebtained suspensiomas cooled to
0AC a rbbmoR3-dimethylbenzene (1.33L, 10.0mmol) was added followed by 1,2
dibromoethane (46 L , rmolyto initiatethereaction The resulting mixture was stirred fohlat
0AC a n datfrt @fterwhich the magnesiunmetaldissolvedalmost completelyThe stirring was
stopped and solidesidueswereallowed to sedimentThe resultinggrey-coloredsupernatansoluion

of the Grignard reageiitoncentratiorca. 0.50M) was used directly in the syntheses4dfl-a and 6-

F, where it was transferreda syringes.

3,6-Bis(dimethylamino)-9-(2,6-dimethylphenyl)fluorenylium chloride (4-H)

®

The solution of26di met hyl phenyl magne ¢D.5vnin BHFp60OMY,e L
~3.0mmol, prepared as aboyvewas addedvia a syringe to a stirred solution 08,6-
bis(dimethylaminoy9H-fluoren-9-one @-H) (107mg, 0.40mmol) in 5.0mL of anhydrous THFin
argon atmospherélhe resulting mixture was stirred overnight at’6€ a n dA Ca tf lo6fige 2
reaction was quenched lagding 15mL of 0.2M HChq andthe stirring was continuedor 1 h. The
mixture was diluted with water and hexanes, the layers wseparatedand the organic layer was
washed with diluted hydrochloric acid (four times). Toenbinedaqueous laysr which contained the
product, were washed twice with hexanes itheorto remove the excessetaxylene and unreactegt
H. The productwas thenextracted from the aqueous phase wdithloromethane (five times)he
combinedyellow-greenDCM extracts were washed twice with diluted brine (brine/water 1/1) and
dried over ahydrous NaSQy. After evaporation of the solvents under reduced pressure, the product
was recrystallizethy portionwise addition of diethyl ether to thge solutionin 3 mL of DCM/MeOH
2/1 and frequent sonication. After filtration and drying undecuum,122mg (0312mmol, 78%) of
4-H was obtained aa darkgreensolid. Mp. >400A C*H NMR (500MHz, CD.Cl,) i 8.39 (d,J =
2.2Hz, 2H), 7.29 7.21 (m, 1H), 7.15 (d]) = 7.5Hz, 2H), 6.60 (dJ = 8.9Hz, 2H), 6.12 (ddJ = 8.9,
2.3Hz, 2H), 3.45 (s12H), 2.22 (s, 6H)**C NMR (126MHz, CD.Cl,) &1 173.3, 159.0, 148.3, 135.9,
133.2, 131.5, 130.0, 129.4, 128.0, 115.3, 111.4, 42.6, AR®IS (ESI) m/z calcd. for £&H27N2 (M™):

355.2174found:355.2180
S6



3,6-Bis(dimethylamino)-9-(2-(trifluoromethyl)phenyl)fluorenylium chloride (4 -H-CF3)

To thestirred solution of 2-bromobenzotrifluoridg272¢ L 2.00mmol) in 5.0mL of anhydrous
THF at 178 A Qunder argon atmosphesecbutyllithium (1.4M in cyclohexang1.43mL, 2.0mmol)
was added dropwigdrougha syringe and the mixture was stirred foln 2t the same temperatuiidne
suspension oB,6-bis(dimethylamino)9H-fluoren9-one @-H) (107mg, 0.40mmol) in 10.0mL of
THF was slowly addedhe cooling bath was removed and the stirring was continuednfaevhile the
temperature reached 20 mL of 04M HClaq andthe mixture wasstirred for 1h. The mixture was
diluted with water and hexanes, the layers vesgarateénd the aqueous layer, which contained the
product,waswashed twice with hexanes in order to remove the exaes®and unreacte@-H. Then
the product was extreed from the aqueous phase with dichloromethane (five times). The combined
yellow-greenDCM extracts were washed twice with diluted brine (brine/water 1/1) and dried over
anhydrous Nz5Qs. After evaporation of the solvents under reduced pressure, thecprods
recrystallized byportionwise addition of diethyl ether tahe dyesolutionin 2mL of MeOH and
frequent sonication. After filtration and drying undercuum,94 mg (0218 mmol, 55%) of 4-H-CFs
wereobtained as brownsolid. Mp. >400A C'H NMR (500MHz, CD,Cl,) 1i8.46 (d,J = 2.0Hz, 2H),
7.84 (d,J = 7.9Hz, 1H), 7.71 (tJ = 7.4Hz, 1H), 7.64 (tJ = 7.7Hz, 1H), 7.37 (dJ = 7.5Hz, 1H),
6.60 (d,J = 8.7Hz, 2H), 6.13 (dd) = 9.0, 1.7Hz, 2H), 3.45 (s, 12H}3C NMR (126 MHz, CD:Cl>) ii
1677 (s), 158.8 (s), 149.(s), 133.3 (s), 138.(s), 131.0 (s), 136.(s), 1299 (s), 127.3 @, Jcr =
4.8Hz), 124.1 (9, Jcr = 274.0Hz), 1159 (s), 111.1 (s), 42.7 (SHRMS (ESI) m/z calcd. for
CoaH22FoN2 (M*): 395.1735% found:395.1739

4-1n

CF;

I I
To thestirred solution oR2-bromobenzotrifluoridg150¢ L 1.120mmol) in 5.0mL of anhydrous
THF at178A dn argon atmosphertert-butyllithium (17M in n-pentane 1.3mL, 2.2mmol) was

added dropwiseria a syringe and # mixture was stirred foBOmin at the same temperatuaad

warmed to 0A CThe resulting solution was transferrei a syringe toa stirred suspension 08-In
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(100mg, 0344mmol) in 5.0 mL of THF at OA Qinder argon atmosphere. The resulting mixture was
stirred for 1h at 0A C  aOmi of PM HCl,q was added and the stirring was continued fomaa

The mixture was diluted with watemethanoland hexanes, the layers weseparatedand the
agueouBVieOH layer, which contained the produaiaswashed twice with hexanes in order to remove
excess arene and unreactgdin. Then the product was extracted from the aqueous phase with
dichloromethanetlireetimes). The combined DChMxtracts were washewxhcewith diluted HCI,once

with brine, and dried over anhydrous p&Qs. After evaporation of the solvents under reduced
pressure, the product wpsecipitatedoy portionwise addition of diethyl ether dye solution in5 mL

of DCM/MeOH 3/2 and frequent sonicai. After filtration and drying undevacuum,145mg of
crude product was obtained, which was slightly impure accordintpetdH NMR spectrum.The
product was purified by column chromatography (silica gel, dichloromethane/methanol 95/5 to 93/7)
andthe factions containing the product were concentrated in vacuo and subjected to recrystallization
by dissolution in DCM/MeOH mixture and precipitation by slow addition e©OET he first fraction of

the precipitatavas an impurity and was discardddhe aldition of more EfO and sonication resulted

in the precipitation ofthe pure product.Filtration and drying under vacuum provided m§
(0.099mmol, 29%) of4-In asa violet-black solid.Mp. 255 259A Qwith decomposition)*H NMR
(600MHz, CD.Cl>) i 7.82 (d,J = 7.9Hz, 1H), 7.71 (s, 2H), 7.707.65 (m, 1H), 7.61 (t) = 7.7Hz,

1H), 7.34 (dJ = 7.5Hz, 1H), 6.18 (s, 2H), 3.883.76 (m, 4H), 3.36 (s, 6H), 2.81 {t= 7.6Hz, 4H).

13C NMR (151MHz, CD,Cly) 11164.5 (s), 16B (s), 1494 (s), 1327 (s), 132.1 (s), 130.7 (s), 13Qs),
129.7 (s), 128 (q, Jcr = 3.7 Hz), 125 (s), 1242 (q, Jcr = 273.9 Hz), 102 (S), 56.2 (s), 38.(s), 262
(s).HRMS (ESI) m/z calcd. foE26H22FsN2 (M*): 419.1735 found:419.1737

6-(Dimethylamino)-9-(2,6-dimethylphenyl)-3H-fluoren-3-one (5-H)

®

The @mpound4-H (313mg, 0800mmol) was dissolved in a mixture of methanolboL) and
water(300 mL). A solution of sodiunhydroxide (1M in water8.0 mL, 8.0 mmol) was added and the
mixture was stirred at rt for B. The reaction mixture was then acidified witl® hL of 2M
hydrochloric acid, diluted witlbrine,and extracted with dichloromethane (four times). The combined
organic layers were washed with brine and dried over anhydra8CONda he solvents were removed
under reduced pressure and the product was purified by column chromatodsdpay gel,
dichloromethane/acetones®) to give 99 mg (0302 mmol, 38%) of 5-H asa black solid. Mp. 124

127A CH NMR (500MHz, CD,Clo) Ui 7.277 7.20 (m, 1H), 7.14 (dJ = 7.6Hz, 2H), 6.96 (d,J =
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2.2Hz, 1H), 6.68 (dJ = 9.5Hz, 1H), 6.64i 6.48 (m, 2H), 6.26 (dd] = 8.3, 2.2Hz, 1H), 5.90 (ddJ =
9.5, 1.3Hz, 1H), 3.06 (s, 6H), 2.19 (s, 6H3C NMR (126 MHz, CD:Cl,) Ui 188.8, 157.4, 152.7, 151.2,
141.1, 136.5, 133.7, 132.2, 131.5, 129.4, 128.8, 127.8, 125.7, 125.6, 1”113, 1108.5, 40.8, 20.2.
HRMS (ESI) m/z calcd. for £H22NO ([M+H]"): 328.1701 found:328.1704.

9-(2,6-Dimethylphenyl)-6-hydroxy-3H-fluoren-3-one (6-H)

&
Q0

To a solution of compound-H (175 mg, 0.448 mmol) in 100mL of methanol was added a
solution of sodium hydroxide (1.6 40mmol) in 100mL of water and the reaction mixture was
stirred at rt for 3ays. Then solid sodium hydroxide (640160mmol) was addedthe reaction
temperature was increased to&@ndstirring was continued for 2 days at 80C . oBtdined green
reaction mixture wasvashed with toluene and hexanasd then acidified with 20nL of conc.
hydrochloric acid (36%) and extracted with chloroform (four times). The combined chloroform
extracts weravashed with brine and dried over anhydrousS@. The solvents were removed under
reduced pressure and the product was purified by column chromatography (silica gel,
dichloromethanehethanol95/5) to give the crude product (881g), which was dissolved in a hot
mixture of toluene (6nL) and ethanol (21L) and precipitated by slow addition excesshexanes and
sonication then cooled in a refrigeratokfter filtration and drying under vacuum, &7g (0.223mmol,

50%) of 6-H was obtained aa blackcrystalline powderMp. 279 282 A CNeutral 6-H: 'H NMR
(500 MHz, DMSO-ds, 90A Tii 7.291 7.23 (m, 1H), 7.18 (d] = 7.7Hz, 2H), 6.88 (s, 2H), 6.60 (d,=
8.8Hz, 2H), 6.20 (dJ = 8.5Hz, 2H), 2.13 (s, 6H)Sodium salt o6-H: *H NMR (500MHz, 50/10/1
(viviv) DMSO-ds / D20/ 30%NaOD in DO) G 7.237 7.16 (m, 1H), 7.11 (d] = 7.5Hz, 2H), 6.41 (d,
J = 1.8Hz, 2H), 6.28 (dJ = 8.8Hz, 2H), 5.69 (ddJ = 8.8, 1.8Hz, 2H), 2.12 (s, 6H)*C NMR
(126 MHz, 50/10/1 y/viv) DMSO-ds / D20/ 30%NaOD in DO) 1 183.9, 163.8, 148.3, 135.6, 132.
1319, 1291, 128.1, 18.0, 120.2, 119, 203. HRMS (ESI) m/z calcd. for £H160-Na ([M+Na]’):
323.1048found:323.1050

9-(2,6-Dimethylphenyl)-2,7-difluoro -6-hydroxy-3H-fluoren-3-one (6-F)

®
. Q‘O .
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Step 1.The solution of 28 i met hyl phenyl magnesi um br onini de
~3.0mmol, prepared as above) was adbgayringe to a stirred solution &;6-bis(dimethylamino)
2,7-difluoro-9H-fluoren9-one @-F) (121mg, 0.40mmol) in 5.0mL of anhydous THFat rt under
argon atmospherdhe resulting mixture was stirred at BOC  f hoand g8enched with water aad
saturated ammonium chloride solution. The mixture was extracted with chloroform (four times) and
the combined organic laye(pale yellowin appearancejvere washed with brine and dried over
anhydrous N£5Qs. The solvents were removed under reduced pressure and the residoeg)24&s
dissolved in a twgphase mixture of dichloromethane (L), water (0 mL) and trifluoroacetic acid
(1.0mL) and stirred at rt for B, during which the color of the mixture changed from pale yellow to
bloody red indicating the formation of sadtF. The layers were separatethd the aqueous layer was
extracted with chloroform (four times). The combined argdayers werevashed with brine and
dried over anhydrous N&8Qs. The drying agent was filtered off and the solvents were removed under
reduced pressure to give crutl&, which was used directly in the next step.

Step 2.The cruded-F was dissolved in 100L of methanol and a solution of sodium hydroxide

(0.80g, 20mmol) in 100mL of water was added and the reaction mixture was stirred for Pden
solid sodium hydroxide3(20 g, 80 mmol) was added, the reaction temperature wagsased to 6@\ C
and stirring was continued fodh a t 60 AC. The obtained miXxtur e
hexanesand then acidified with10mL of conc. hydrochloric acid (36%) and extracted with
chloroform (four times). The combined chloroform extsaatere washed with brine and dried over
anhydrous N£5Qs. The solvents were removed under reduced pressure and the product was purified
by column chromatography (silica gel, dichloromethane/methanol 95/5) to give the crude product
(84 mg), which was dissekd in a hot mixture of toluene (6L) and ethanol (ZnL) and precipitated
by slow addition of excess hexanes and sonication, then cooled in a refrigerator. After filtration and
drying under vacuum,l6mg (0181 mmol, 45% from 3-F) of 6-F was obtained aa black crystalline
powder.Mp. > 280A Gdecomposition)Neutral 6-F: *H NMR (500MHz, DMSO-ds, 80A Tii 7.32i
7.26 (m, 1H), 7.20 (d] = 7.5Hz, 2H), 7.00 (dJxF = 5.1Hz, 2H), 6.36 (dJur = 10.2Hz, 2H), 2.17 (s,
6H). Sodium salt oB-F: *H NMR (600MHz, 50/1 (/v) D.O/30%NaOD in xO) 11 6.96 (t,J= 7.5
Hz, 1H), 6.86 (dJ = 7.6 Hz, 2H), 6.39 (dJnr = 7.5 Hz, 2H), 5.87 (dJxr = 10.7 Hz, 2H), 1.98 (s, 6H).
'H NMR (600MHz, 50/1 {/v) CDsOD/ 30%NaOD in D:O) U 7.277 7.22 (m, 1H), 7.16 (d) = 7.6
Hz, 2H), 6.49 (dJur = 7.4 Hz, 2H), 6.06 (dJur = 10.7 Hz, 2H), 2.27 (s, 6H}*C NMR (126 MHz,
50/1 {/v) CDsOD/30%NaOD in xO) G 171.4 (d,Jcr = 16.3 Hz), 167.2 (S), 154.5 (dgr = 244.3
Hz), 144.9 (s), 135.4 (s), 130.8 (s), 128.6 (s), 127.3 (s), 127J¢d,7.1 Hz), 119.6 (s), 114.8 (dsr
= 20.5 Hz) HRMS (ESI) m/z calcd. for £H14F>02Na ([M+NaJ"): 359.0860 found:359.0868
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2. X-ray structure of compound6-H

Single crystals of compoungtH were obtained by slow diffusion ofi-pentanevapourinto the
solution of6-H in a chloroformimethanol mixtureThe crystakelected fothe X-ray experiment waa
smallcubewith dimension®.171 mm x 0.170 mm x 0.131 mm

Crystal data for compoun®-H: CyiHi602; M =300.34 orthorhombi¢ a=20.1860(15) |,
b=7.3066(6) ,c=20.4874(17) ,U=b=0=90A V=3021.7(4)i 3, T=296(2)K, a=1.54178;
(CuK\U ) space grougPbcn (no.60), Z=8, £ =0.664mm'%, d = 1.320g cm®, F(000)= 1264, 43029
reflections collected2097 independen{Rint = 0.201Q which were used in all calculatisnaf range
8.634 101.8A , oodbes of Fit= 0.993 The finalR; and wRx(F?) were0.1656and 0.1707 (all data),
0.0684and 0.1489(1 > 24(1)). Largest diff. peak and hol€.265andi 0.241e 3. Crystallographic
data have been deposited at the Cambridge Crystallogr@ptacCentre with the deposition number
CCDC 2090872 These data can be obtained foteharge fronthe Cambridge Crystallographic Data
Centrevia www.ccdc.cam.ac.uk/data_request/cif.

Figure S1. Hydrogen bonding in the crystal structurecompounds-H. Top: view perpendicular to thé-system Bottom:

view parallel to the -systemTheOL L L O dare2.67a.nc e s
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3. pKaof 6-H and 6-F

Solutions of dye$-H and6-F (Caye= 1.453 10°M and 1.2% 10° M, respectivelyin a series of
agueous pH buffers (pH 4 10) containing 4% vol. DMSO were prepared. The followagpeous
buffer systemswere used: pH 4.0i 7.5: citric acid/NaHPQs; pH=8.0i9.0: HCI/Tris; pH=10:
NaHCQJ/NaCQOs. The absorption spectra of these solutions were recorded aSogimadzuUV-
3600i Plus UWVis-NIR spectrophotometeilhe dsorbance a@800nm for 6-H and at850nm for 6-F
was plotted againsthe pH values and analyzed by nbtinear least square curve fitting using the
following equation:

0O pTm 0 p T

pm pm
whered and0 represent the initial and final absorbance values, respectively.

8

@ 0] — a0 (B) o012,
' —5.0
0.10 g'é 0-101
g 008 *\ —— 76 O
© \ _81 © 1
2 0.06 | ___ g5 o 006
2 —90 2
< 0.04 - ——10.0 < 0.04 1
0.02 A 0.02
0.00 : . . . - 0.00
400 500 600 700 800 900 1000 1100
a/nm pH

Figure S2.(a) Absorption spectra of compoufieH at various pH valuegb) The plots of absorbance of compouiaH at
800nm asafunction ofthepH value and their fitting curvéd) =7.54 r = 0.99%).

(@) 0124 —4.0 (b) o0.07 4
—5.0
2 6.1 0.06 -
.10 -
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o 0.08 —8.1 o
o (8]
= — 85 S 0041
s | —9.0 8
2 0.06 o]
5 —10.0 S 0031
2 o044\ \| 2 oo
002 T 001 d
0.00 -, T T T T T T 1 0.00 T T T T T T 1
400 500 600 700 800 900 1000 1100 1200 4 5 6 7 8 9 10 11
a/nm pH

Figure S3.(a) Absorption spectra of compoufie- at various pH valuegb) The plots of absorbance of compou# at
850nm asa function ofthe pH value and their fitting curvé®) =6.65r = 0.99%). At pH = 4.0 the dye precipitatednd

thereforethis point was excluded frothe calculations.
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4. Photophysical properties

Table S1. Wavenumber of band maximuRmax, molar absorption coefficielinax and oscillator strength?for S;, S, and

S, states o#l-H, 4-H-CFs3, 4-In, 5-H, 6-H, and6-F in watercontainingl-5% (v/v) DMSO asa cosolvent

Dye Parameter S1 S S
Nabs/ c * 10604.0 21052.6 26595
4-HP emax/ Mt cm't 14693 11845.7 40532
f 0.15 0.16 0.43
Nabs/ cMf 10504.2 20876.8 26660.5
4-H-CF3® €max/ Mt cm't 14611 12129 44303.6
f 0.16 0.17 0.53
Nabs/ cMf 9496.9 21692.0 25974.0
4In® | enax/ M'tcm? 5085 6909 34448
f 0.064 0.15 0.60
Nabs/ e 1 12330.5 23255.8 27624.3
5-HP emax/ Mt cm't 4721 5465 19022
f 0.08 0.09 0.3
Nabs/ cMi 12484.4 236967 286533
6-H © €max/ Mt cm'? 7704 8916.4 35637.4
f 0.11 0.14 0.58
Nabs/ cl 11876.5 23094.7 29940.1
6-F ¢ €max/ M'tcem't 4512.2 8002.4 29212.7
f 0.079 0.14 0.54
aQOscillator strengthwerecalculated by integration of absorption bands using the forritula: 8 . -1 Q7,where

n is solvent refraction index ang(Nn) is molar absorption coefficient With 5% (/v) DMSO as cesolvent;In 0.1 M

carbonate buffer (pH = 10.0) with 1%/\{) DMSO asa cosolvent.
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Figure S4. Absorption spectra of-H-CF3 (a) and4-H (b) in methanol and waterontaining 5% {/v) DMSQ. Absorption

spectrum of4-In in watercontaining 5% \/v) DMSO (c).
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Figure S5 Absorptionand fluorescence spectra®H (a) and6-F (b) in waterat pH = 9.0 (Tris/HCI buffér blue line for
absorption and red for emissioand at pH = 10.0 (NaHCQy/N&COs; buffer) i black line for absorption and green for

emission.The solutions were prepared using DMSO (/v) as cosolvent.
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Figure S6. Absorption(blue) and nrmalized fluorescence specfrad) of 5-H in varioussolvents. Excitation at 656.7 nm.

Table S2. Pacsitions of absorption .9 and fluorescence maxim (3em), molar absorption coefficientsefa), and

fluorescence quantum yisl@is) of 5Hi n v ar i o uishydsogdnbored mdnsr acidity.

Solvent | naps/ cm'! | @max/ M™*cm'? Nem/ CIMY 1 Fr a
watep 12285 4714 10142 1.671 10 1.17
methanol 13850 5907 10405 1.724 10 0.93
glycerol 14204 5400 10707 1.8 10* 0.82
acetonitrile | 15037 5586 10672 3.11 10* 0.19
n-hexane 16807 4689 12210 5.33 10* 0.0

aWater containing 5% vol. DMSO ascosolvent.
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Figure S7. Stokes shit of 5-H in various solventsversus LipperMataga solvent parameterdefined

as'Q-fe —— —— , whereUandn are dielectric constant and refractive indextefmedium, respectively
| ' | y | y | ' | y
- B Abs. |
§ n-hexane O Flu. 1 g
C + O 13
& ~
st | N
g 8 ACN = 4 ‘9
X
E9r & Glycerol H S
s MeOH 1&
£ B < CD
Eg m =
22| O *
= O +
§51‘ H20_ 8
N
o |  + +
o (@)
S i o
SC+ oy, 8
0.00 0.25 0.50 0.75 1.00 ©°

o - hydrogen-bond donor acidity

Figure S8 Solvatochromism of absorption (blue squares), fluorescence (red cissldsjuorescence quantum yieldr,

of 5-H versusU- solvent hydrogestond donor acidity.
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5. Stability of 4-H and 4-H-CF3 against nucleophiles

The ®lutions of dyesA-H and 4-H-CF3 (caye~43 10°° M) were preparedn three pH buffers
(pH = 7.5, citric acid/NaHPQy; pH=9.1, HCI/Tris; and pH=10.0, NaHC@N&COQCs) as well as
in a buffer (pH=7.5 citric acid/NaHPQs) containing Dl-homocysteine (HCysfor 4-H:
CHcys = 10.0mM, for 4-H-CF3: chcys= 0.25mM, 1.00mM, and 10.0nM). Theabsorption spectra
of these solutions were recordeamediately after preparation [ and after 2 and 2th (except

for 4-H-CF3 with HCys, which were only recorded immediately, as the equilibration is very rapid)
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Figure S9. Changs of absorption spectra d@fH over time (a) at pH: 7.5, (b) at pH=9.1, (¢c)at pH=10.0, (d) at pH-7.5
in the presence of 1M DL-homocysteine (HCys). (&Jormalized &sorbancenearthe absorption maxim(a= 950nm)

plotted against time.
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Figure S10.Changes of absorption spectra4sH-CFs over time (a) at pH 7.5, (b) at pH=9.1, (c)at pH= 10.Q (d)
Spectra of4-H-CF3 at pH=7.5in the presence ofarious concentrations @L-homocysteine (HCys). (e) Normalized

absorbance near the absorption maxiexa 950nm) at pH values of 7.5, 9.1, and 1Qdtted against time.
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6. DFT calculations

Geometry optimizations weneerformed using the MGBX functiona? with the 631+G(d) basis
set®?® usingthe SMD solvationmodel? implemented in the Gaussian 09 progrdrBtationarypoints
in the lowest singlet state {)Swere optimized and characterized by frequency analysis at the same
level of theory (the number of imaginary frequencies: 0)-0O0BEX calculations were performed on
optimized geometries at the same level of thedhe transition energies are overestimated by 0.2
0.5eV, the common error of the TDFT approach for polymethée and xanthentype dyes*'2The
optimized structures and cartesian coordinates ofctirepounds are given belov@rbitals were
visualizedwith Jmol!® and the 3D models wittMercury software'* Nuclearindependent nuclear
shifts (NICS(1),)*® were calculated on the optimized geometries at the same level of tReoihe
visualization of magnetically inducecturrent densitiesand electrostatic potential mapsset of
simplified moleculef xanthae dyes and fluorene analoguesere the aromatic substitusiat C9
positionswere replaced with hydrogen at@mwere optimizedin Gaussian 09 prograifM06-2X/6-
31+G(d) SMD in water).Formatted checkpoint files from thgaugeindependent atomic orbital
(GIAO)*® calculation were used itIMAI 1*7 softwareto preparevector maps ofmagneticaly induced
current densityand to calculate thering currents. Chemcraft® software was used to visualize
molecular electrostatic potential maps.

Fluorescein FluFscn Rhodol FluRdlI Rhodamine FluRdn

b

11.62 eV

D | — 1222 eV 12,39 eV 72.16 eV

= a— T — | — 12.81eV
> Lumo - Mo T

o LUMO

c

()

S HOMO HOMO HOMO

o == SR AN A —-eTTT—

5| 1639ev 16.04 eV [ 6.56 eV 76.37 eV — 16.42 eV

Figure S11. The strietural formulas, the calculated energies of HOMO and LUMO orbitals together with their
visualizations (HOMO at the bottom, LUM@t the top), calculated at the M&X/6-31+G(d) level of theory in water
(SMD solvation). Ar = 2,&limethylphenyl.
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“

FluFscn anion FluRdI FluRdn cation

Figure S12. DFT-optimized groundstatemolecular structures ofanthene dyes (top) and their fluordmesed analogues

(bottom)in water
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Rhodol FluRdl

Rhodamine cation FluRdn cation

Figure S13. Calculated bond length{# j ) in the chromophores of xanthene dyes and their fluorene analogwaserin
the groundstateS, (black) andhefirst excited $ state (red)
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Table S3.TD-DFT calculatedhe S -> S excitationenergies, oscillator strengttend wavelengthis H,O.

Dye Excitation energy Wavelength Oscillator strength Orbitals contributions
[eV] [nm] f
FluFscn 1.8227 680.23 0.1610 77->80 -0.13840
79->80 0.68102
FluRdI 1.9613 632.15 0.1580 84->88 0.14234
87->88 0.67719
FluRdn 1.7195 721.04 0.2223 92->96 -0.17475
95->96 0.67677
Fluorescein 3.0720 403.60 0.7441 83->84 0.69732
Rhodol 3.0136 411.41 0.8263 91->92 0.69637
Rhodamine 2.8863 429.56 0.9381 99->100 0.69807

Table 4. TD-DFT calculated $-> S emission energies, oscillator strengtiisd wavelengths in 0.

Dye Emission energy Wavelength Oscillatorstrength Orbitals contributions
[eV] [nm] f
FluFscn 1.3635 909.28 0.0785 77->80 0.14319
79->80 -0.68652
FluRdI 1.3595 911.96 0.0983 85->88 -0.11910
87->88 0.68210
FluRdn 1.3421 923.81 0.1222 92->96 0.15673
95->96 0.67804
Fluorescein 2.9576 419.21 0.7266 83->84 -0.69831
Rhodol 2.8695 432.07 0.8183 91->92 0.69741
Rhodamine 2.7790 446.15 0.9329 99->100 0.69885

Table S5.Mean absolute deviations (MABYf the bond lengthén picometers, pmdn the outer rim othe xanthene and

fluorene scaffold calculated faptimized geometries dfie ground state and 8xcited state

FluFscn Fluorescein FluRdl Rhodol FluRdn Rhodamine
MAD Sp 3.29pm 3.02pm 3.82pm 3.04pm 2.88pm 2.69pm
MAD S; 2.61pm 3.08pm 2.55pm 2.92pm 2.32pm 2.71pm

@ Mean absolute deviations were calculated from the formula:$ -B g0 «E, wherew are bond lengths ardis
the average bond length.
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Figure S14. Magnetically induced current density profiles plotted one bob2d@2; ) alove the chromophore plane of the
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